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PREFACE   TO  FIRST  EDITION 

DR  GUMMING,  who  has  been  in  charge  of  the  Medical  Practical 
Chemistry  Class  in  the  University  for  several  years,  has  pre- 
pared this  book  for  the  use  of  students  attending  it.  The 
course  outlined  requires  only  the  simplest  apparatus,  and 
occupies  about  sixty  hours  of  actual  work. 

The  subject-matter  has  been  selected,  not  with  the  view  of 
producing  a  systematic  course  of  testing  or  analysis,  but  rather 
of  familiarising  the  student  with  such  chemical  methods  and 
with  the  properties  of  such  chemical  substances  as  will  be  of 
some  utility  to  him  in  the  later  portions  of  his  medical  studies. 
If  Practical  Chemistry  is  regarded  exclusively  from  the  point 
of  view  of  mere  testing,  it  loses  much  of  its  practical  and 
educational  value.  If,  on  the  other  hand,  the  student  regards 
the  reactions  which  he  performs  in  the  laboratory  as  illustrative 
of  the  most  characteristic  properties  of  the  substances  with 
which  he  is  working,  and  if  he  succeeds  in  connecting  them 
with  the  descriptions  of  substances  and  reactions  as  found  in 
his  systematic  lectures  or  text-book,  he  will  readily  obtain  a 
good  grasp  of  the  main  facts  and  principles  of  chemistry,  which 
now  enters  so  largely  into  the  sciences  subsequently  studied  in 
the  medical  curriculum. 

J.  WALKER. 

UNIVERSITY  OF  EDINBURGH, 
August  1911. 


PREFACE  TO   SECOND   EDITION 

THE  author  has  taken  advantage  of  the  opportunity  offered  by 
the  exhaustion  of  the  first  edition  to  subject  this  text-book  to  a 
complete  revision  in  regard  to  minor  details  while  retaining  the 
general  scheme  of  the  first  edition.  An  attempt  has  been 
made  throughout,  by  frequent  references  to  substances  of 
medicinal  importance,  to  impress  on  the  student  that  his 
training  in  chemistry  is  a  necessary  introduction  to  his  later 
medical  studies.  It  is  hoped  that  the  new  sections,  describing 
experiments  with  bread,  potatoes,  and  fats,  the  fermentation  of 
glucose  by  yeast,  and  the  action  of  saliva  on  starch,  will  help 
to  arouse  the  interest  of  the  student  in  a  subject  which  will 
well  repay  him  for  his  work. 

As  the  book  has  been  adopted  as  a  text-book  for  general 
use  in  a  number  of  universities  and  colleges,  some  additions 
have  been  made  which,  it  is  hoped,  will  render  it  more  useful 
for  general  students. 

The  author  has  much  pleasure  in  acknowledging  his  in- 
debtedness for  valued  advice  and  assistance  to  Professor  James 
Walker,  Dr  Sydney  A.  Kay,  Dr  J.  Knox,  and  Dr  H.  G.  Rule. 

A.  C.  C. 

UNIVERSITY  OF  EDINBURGH, 
March  1917. 
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Weights  and  Measures 


Notes  on  the  Weights,  Measures,  and  Temperature 
Scale  used  in  Chemistry. 

As  the  metric  system  is  not  in  common  use,  a  few  notes  may 
be  given  on  the  scientific  units  of  weights  and  measures  as 
compared  with  the  English  units. 

t  Length. 

1  metre  =   100  centimetres  =  about  39  inches. 
The   centimetre  is   the   unit  most  commonly   used    in    the 
laboratory.      For  rough  purposes  an  inch  may  be  taken  as  equal 
to  2|-  centimetres.      A   sixpence  is   almost   exactly   2   cms.  in 
diameter ;  a  penny  is  about  3  cms.  in  diameter. 

Weight. 

1  kilogramme  (usually  written  1  kilo)  =   1000  grms. 

One  kilo  is  equal  to  2J  Ibs.  (approximately). 

One  ounce  is  equal  to  about  28  grms. 

The  weight  of  a  gramme  is  most  easily  remembered  as  that 
of  1  c.c.  (cubic  centimetre)  of  water,  as  this  is  a  quantity  with 
which  the  student  will  soon  become  familiar. 

Capacity  or  Volume. 

1  litre  =  1000  c.c.  (cubic  centimetres)  =  approximately 

1J  imperial  pints. 
1  fluid  oz.  =  28-42  c.c. 

As  rough  indications  of  capacity,  it  may  be  taken  that  an 
ordinary  (half-pint)  glass  tumbler  holds  about  300  c.c.  One  c.c. 
is  roughly  equal  to  the  volume  occupied  by  twenty  drops  of 
water. 

Temperature. 

Temperatures  are  always  given  on  the  Centigrade  scale. 
The  zero  (0°)  on  this  scale  is  the  freezing-point  of  water,  and 
the  boiling-point  of  water  is  at  100°.  The  average  room 
temperature  is  about  15°,  the  blood  temperature  of  man  is  37°, 
and  the  temperature  of  tap-water  in  Scotland  is  usually  between 
5°  and  12°.  The  highest  temperature  in  a  Bunsen  flame  is 
above  1000°. 

To  prevent  confusion  with  the  Fahrenheit  scale,  the  letter  C 
is  sometimes  inserted  after  the  temperature,  as  10°  C.,  to 
indicate  that  the  Centigrade  scale  is  meant.  This  is,  however, 
not  usually  inserted,  and  it  should  be  assumed  that  any 
temperature  mentioned  in  a  chemical  text-book  is  on  the 
Centigrade  scale,  unless  it  is  explicitly  stated  that  some  other 
scale  is  employed. 
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FILTRATION. 

Fold  a  filter  paper  exactly  in  two,  and  then  again  at  right 
angles  into  four,  as  shown  in  the  figures  1  and  2.  Open  up  one 
side  of  the  filter  paper  as  shown  in  3,  and  try  if  it  will  fit  the 
funnel.  The  top  of  the  filter  paper  should  come  within  about 
J  in.  from  the  top  of  the  funnel,  but  not  higher.  If  the  funnal 
is  shaped  exactly  to  60°,  the  filter  paper  will  fit  when  folded 
in  this  way.  If  the  paper  does  not  exactly  fit  the  funnel 
round  the  top  of  the  cone,  it  must  be  refolded  as  in  figure  4 
(instead  of  2),  so  that  a  wider  or  smaller  cone  may  be  obtained. 
When  the  filter  paper  exactly  fits  the  funnel  round  the  top  of 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  4. 


the  paper,  it  is  held  in  place  in  the  funnel  and  sufficient  water 
poured  on  to  wet  all  the  paper.  Press  the  paper  with  the  finger 
on  the  glass  until  there  are  no  air  spaces  left  round  the  upper 
edge,  and  pour  away  any  water  which  is  left.  The  papi  r  is 
then  ready  for  the  operation  of  filtration.  Do  not  at  any  time 
pour  in  so  much  liquid  that  it  comes  above  the  top  of  the  paper. 
Filter  paper  contains  innumerable  fine  holes,  so  that  a  liquid  can 
run  through,  but  particles  of  solid  are  usually  so  large  that  they 
are  retained  by  the  filter,  and  may  thus  be  separated  from  a 
liquid. 

When  a  liquid  is  poured  from  one  vessel  to  a  funnel,  it  is 
sometimes  found  that  part  of  the  liquid  runs  along  the  outside 
of  the  vessel,  and  is  spilt.  This  can  be  avoided  by  always 
pouring  the  liquid  down  a  glass  rod,  the  rod  being  held  nearly 
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vertical  and  with  the  lower  end  touching  the  filter  paper.  By 
the  use  of  a  glass  rod  small  quantities  may  be  poured  without 
loss  even  from  a  vessel  which  is  nearly  full. 


PF? 


Fig.  5. 


Exercise. — Separate  a  mixture  of  a  soluble  and  an 
insoluble  substance ;  e.g.,  copper  sulphate  and  sand,  or 
sulphur  and  salt. 

Separation  of  salt  and  sand. — Add  about  a  teaspoonful 
of  the  mixture  to  a  test-tubeful  of  water  in  a  large  test-tube 
and  shake.  Then  heat  the  mixture  until  the  liquid  boils,  and 
pour  the  hot  liquid  on  to  a  filter.  The  salt  solution  will  run 
through,  and  may  be  caught  in  a  porcelain  basin.  A  general 
term  for  the  clear  liquid  obtained  in  this  way  is  the  Jiltrate  and 
the  process  is  called  filtration.  The  sand  remains  on  the  filter 
paper,  and  should  be  washed  with  successive  small  quantities  of 
water  to  remove  the  last  of  the  salt  solution.  The  salt  may  be 
recovered  by  heating  the  salt  solution  gently  in  the  basin  until 
the  water  is  driven  off.  Even  in  this  simple  exercise  attention 
to  certain  details  in  manipulation  is  necessary.  There  should 
not  be  any  salt,  sand,  or  liquid  on  the  bench  or  on  the  outside 
of  any  vessel  used.  A  dirty  bench  or  dirty  apparatus  indicates 
bad  workmanship. 


Note  on  Cleaning  Glass  Apparatus. 

Usually  glass  and  porcelain  may  be  cleaned  by  washing 
several  times  with  water.  A  colourless  film  on  glass  is  not 
readily  detected  by  the  eye,  and  there  is  usually  a  thin  layer 
of  dirt  on  any  apparatus  which  has  not  been  specially  cleaned. 
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It  should  be  an  invariable  rule  to  wash  out  any  apparatus 
which  appears  clean,  at  least  three  times  with  water  before 
use.  Any  apparatus  which  is  obviously  dirty  should  be  partly 
filled  with  water,  and  the  test-tube  brush  applied  until  all  the 
visible  dirt  has  been  removed.  It  should  then  be  rinsed  with 
at  least  three  changes  of  water. 


Heating  Glass  and  Porcelain  Apparatus. 

Heating  a  liquid  in  a  glass  vessel. — Glass  is  such  a  poor 
conductor  of  heat  that  it  is  necessary  to  make  the  walls  as  thin 
as  possible.  On  this  account  most  glass  apparatus  is  fragile, 
and  must  be  handled  carefully. 

Never  allow  the  flame  to  play  on  the  glass  above  the  level 
of  the  liquid. 

The  risk  of  fracture  is  greatly  lessened  if  the  liquid  is  kept 
in  motion.     A  little  practice  makes  it  an  easy  matter  to  kt  ep  the 
liquid  in  a  test-tube  in  rotation  while  itis  being  heated. 
It  is  especially  necessary  to  keep  the  liquid  moving 
if  there  is  also  a  solid  lying  at  the  bottom  of  the 
tube,  and  it  is  advisable  in  such  cases  to  remove  the 
flame  and  shake  the   mixture  from    time    to    time. 
A  simple  holder  for  a  test-tube  may   be  made  from 
a  piece  of  folded  paper,   as   shown   in   the    figure. 
_  The    mouth    of    the    test-tube    should    always    be 

directed  away   from  the    operator  and    neighbours, 
g'  6<       and  pointed  towards  the  back  of  the  bench  during 
heating,   as    boiling    liquids  are   sometimes    suddenly   expelled 
from  the  tube  and  may  cause  damage 

Heating  a  solid  in  glass  or  porcelain. — Porcelain  is  less 
readily  fractured  by  change  of  temperature  than  glass,  and  a 
porcelain  vessel  is  usually  used  if  a  solid  is  to  be  heated. 
When  it  is  desirable  for  other  reasons  (e.g.,  on  account  of  its 
transparency)  to  use  glass,  "  hard "  glass  should  be  used. 
Certain  kinds  of  glass,  known  as  "  hard  "  glass,  are  less  fusible 
than  common  glass,  and  are  therefore  preferable  when  a  high 
temperature  is  to  be  attained.  The  precautions  are  in  general 
the  same  as  when  a  liquid  is  heated.  In  heating  a  porcelain 
basin,  it  is  advisable  not  to  apply  the  flame  directly,  but  to  rest 
the  basin  on  a  piece  of  wire  gauze  or  a  "sand  bath."  (A  sand  bath 
is  a  shallow  iron  tray  filled  with  sand.)  The  heat  is  applied  more 
evenly  in  this  way,  and  the  basin  is  less  likely  to  break.  Water 
must  not  be  poured  into  a  vessel  which  has  been  strongly 
heated,  until  the  vessel  is  cold  enough  to  hold  in  the  hand 
without  discomfort. 


Solubility  and  Crystallisation 


Choice  of  Containing  Vessel  for  Liquids 
to  be  Heated. 

It  is  often  necessary  to  concentrate  a  solution,  and  this  is 
usually  performed  by  evaporation  of  some  of  the  liquid.  The 
rate  at  which  the  liquid  evaporates  depends,  firstly,  on  the 
temperature,  and,  secondly,  on  the  rate  at  which  the  vapour 
is  removed.  A  shallow  open  vessel,  such  as  a  porcelain  basin, 
is  therefore  most  suitable  when  it  is  desired  to  concentrate  a 
solution,  since  the  large  surface  exposed  to  the  atmosphere 
leads  to  a  quick  removal  of  the  vapour.  A  test-tube  or  flask 
is  unsuitable  for  this  purpose,  since  the  vapour  is  condensed  in 
the  cold  n^ck  of  the  flask  or  tube,  and  runs  back  into  the  liquid. 

On  the  other  hand,  when  it  is  desired  simply  to  raise  the 
temperature  in  order  to  accelerate  a  reaction  or  hasten  solution, 
a  test-tube  or  flask  is  the  more  suitable  vessel  to  use. 

Liquids  should  never  be  heated  in  glass  crystallising  dishes, 
or  indeed  in  any  moulded  glass  vessel,  as  they  are  not  intended 
and  not  adapted  for  such  purpose.  Any  glass  vessel  with 
square  corners  or  with  varied  thickness  of  the  glass  is  readily 
fractured  by  heating.  Vessels  intended  to  stand  heating  have 
rounded  corners,  and  the  glass  is  kept  of  as  even  a  thickness 
as  possible. 

SOLUBILITY. 

If  a  little  salt  is  shaken  up  with  water,  it  dissolves  and  a 
solution  of  salt  is  obtained  which  does  not  differ  in  appearance 
from  water.  If  successive  small  quantities  of  salt  are  added  to 
the  same  portion  of  water,  it  will  be  found  that  a  stage  is 
reached  after  which  no  more  salt  will  dissolve,  i.e.,  there  is  a 
limit  to  the  amount  of  salt  which  a  given  quantity  of  water  will 
dissolve.  A  solution  at  this  stage  is  called  a  saturated  solution. 
The  test  by  which  one  decides  if  a  salt  solution  is  saturated  is 
to  add  a  little  more  salt  and  shake  the  mixture.  If  the 
quantity  of  solid  salt  remains  unchanged,  the  solution  is 
saturated;  if,  on  the  other  hand,  the  salt  dissolves,  then  the 
solution  is  unsaturated. 

The  amount  which  dissolves  depends  on  the  amount  of 
water  taken  and  on  the  temperature. 

At  20°,  100  grms.  of  water  can  dissolve  36  grms.  of  salt.  If 
100  grms.  of  water  at  20°  are  shaken  up  with  100  grms.  of  salt, 
36  grms.  of  the  salt  will  dissolve,  while  the  remaining  64  grms. 
of  salt  will  remain  unchanged  as  solid  salt. 

The  maximum  amount  of  a  substance  which  a  fixed  quantity 
of  liquid  can  dissolve  at  any  particular  temperature  is  called  the 
solubility  of  the  substance -at  that  temperature. 

The  liquid  used   to    prepare    a    solution    is    known    as    the 
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solvent,  the  dissolved  substance  is  called  the  solute,  while  the 
two  together  make  up  the  solution. 

Water  is  by  far  the  most  commonly  used  solvent,  so  much 
so  that  it  is  usual  to  speak  of  a  substance  as  "soluble  "  when 
"  soluble  in  water  "  is  meant. 

The  solubility  of  most  substances  varies  with  the  tempera- 
ture, and  in  most  cases  the  solubility  increases  with  increase  of 
temperature. 

Solubility  of  Potassium  Chlorate,  KC1O3,  in  Water. 

100  grms.  of  water  dissolve — 


33  grms.  of  KC1O3  at 

5 

7 

10 
15 
20 


0° 
10° 
20° 
30° 
40° 
50° 


26  grms.  of  KC1O3  at  60C 

33           „              „  70C 

40           „               „  80C 

47           „              „  90C 

56  100C 


It  will  be  noticed  that  the  solubility  of  potassium  chlorate 
in  water  increases  considerably  with  rise  of  temperature.  These 
figures  for  the  solubility  of  potassium  chlorate  may  be  shown 
also  by  means  of  a  diagram. 
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The  solubility  curve  shown  in  the  diagram  is  only  another 
method  of  representing  the  facts  regarding  the  solubility  of 
KC1O3  in  water.  If  100  grms.  of  water  are  saturated  at  100° 
with  KC1O3,  and  the  solution  then  cooled,  crystals  of  the  solid 
will  separate  as  the  temperature  falls.  By  the  time  the 
temperature  has  fallen  to  20°,  49  grms.  of  KC1O3  will  have 
separated  as  crystals. 

Purification  by  Crystallisation. 

These  facts  in  regard  to  the  solubility  of  potassium  chlorate 
provide  a  basis  for  a  method  of  purification  of  an  impure 
specimen  of  the  substance.  If  50  grms.  of  impure  potassium 
chlorate,  containing  1  grm.  of  potassium  chloride,  KC1,  as  im- 
purity, is  warmed  with  100  grms.  of  water.,  the  whole  of  the 
mixture  will  dissolve  at  100°  (see  table  of  solubilities).  When 
the  solution  is  cooled  to  20°,  the  100  grms.  of  water  can  only 
keep  7  grms.  of  KC1O3  in  solution,  and  about  43  grms.1  of 
KC1O3  will  therefore  separate  as  crystals. 

The  1  grm.  of  KC1  will  remain  in.  solution,  since  100  grms. 
of  water  at  20°  can  dissolve  34  grms.  of  KC1,  and  the  KC1O3 
which  separates  will  therefore  be  free  from  chloride.  By 
crystallisation,  then,  a  substance  may  often  be  freed  from 
impurity,  but  there  is  always  loss  of  part  of  the  substance  in 
the  process. 


SOLUBLE  and  INSOLUBLE  Substances. 

All  substances  dissolve  in  water,  but  there  are  wide  differ- 
ences in  the  amounts  which  dissolve.  Substances  like  salt  and 
sugar,  with  which  the  solubility  is  readily  observed,  are  called 
"  soluble,"  while  substances  such  as  chalk  and  glass,  of  which 
the  solubility  is  so  small  that  it  can  only  be  detected  by 
specially  refined  methods,  are  called  "  insoluble."  The  exact 
figures  may  be  given  in  a  few  cases. 

Solubilities  at  15°. 
Typical  "  soluble  "  substances— 

100  grms.  of  water  dissolve  36  grms.  of  common  salt. 

„         „         „         „          26         „        potassium  nitrate. 
„         „         „         „        197          „        cane  sugar. 

1  This  is  not  quite  accurate,  since  the  solubility  in  water  is  not  the 
same  as  when  another  salt  is  present.  It  is  sufficiently  accurate  for 
present  purposes. 
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"  Slightly  soluble  "  substances— 

100  grms.  of  water  dissolve  1  grm.  of  lead  chloride. 
„         „         „         „         -2         „      lime. 

Typical  "  insoluble  "  substances — 

100  grms.  of  water  dissolve  '0002  grm.  of  barium  sulphate. 

•001          „        chalk. 

Exercises  on  Solubility. 

Find  the  solubility  of  a  few  typical  substances,  such  as  salt, 
lead  chloride,  potassium  bichromate,  chalk,  and 
calcium  sulphate  (gypsum).  Take  one-third  of  a  test- 
tubeful  of  water  in  each  case,  and  from  the  amount 
dissolved  decide  whether  the  substance  is  very  soluble, 
soluble,  or  slightly  soluble,  in  (1)  cold,  and  (2)  hot 
water. 

In  ftsome  cases,  e.g.,  chalk  and  gypsum,  it  will  be  impossible 
to  tell  by  inspection  whether  any  of  the  salt  has  dissolved.  In 
any  such  doubtful  case,  a  small  quantity  of  the  substance  should 
be  boiled  with  water,  and  the  solution  filtered  while  hot.  The 
clear  filtrate  should  then  be  evaporated  in  a  porcelain  basin 
until  the  bulk  is  reduced  to  about  1  c.c.  (1-c.c.  is  equal,  roughly, 
to  20  drops).  Pour  this  on  to  a  watch-glass  and  heat  very 
gently,  moving  the  flame  about,  until  all  the  water  is  driven  off. 
From  the  amount  of  residue,  if  any,  which  is  left,  an  estimate 
of  the  solubility  may  be  obtained. 

Exercises  in  Crystallisation. 

Exercise. — Heat  about  50  c.c.  of  water  to  the  boiling- 
point,  and  add  copper  sulphate  crystals  until  no 
more  will  dissolve.  Add  about  a  quarter  as  much 
water  again,  and  divide  the  solution  into  three  por- 
tions. Cool  the  first  portion  in  a  test-tube  quickly  by 
holding  it  under  the  tap.  Allow  the  second  portion 
to  cool  as  slowly  as  possible.  Slow  cooling  is  best 
attained  if  the  solution  is  put  in  a  glass  crystallising 
dish  with  a  watch-glass  over  the  top.  Do  not  move 
the  dish  or  disturb  the  liquid  in  any  way.  Allow  the 
third  portion  to  cool  slowly  in  a  test-tube,  and  shake 
the  contents  from  time  to  time. 

It  will  be  found  that  to  obtain  large  and  well-formed 
crystals,  it  is  necessary  to  cool  the  liquid  slowly  and  without 
movement  of  the  liquid.  Quick  cooling  or  agitation  of  the 
liquid  leads  to  a  crop  of  small  crystals. 

There  is  another  condition  which  has  not  been  dealt  with  in 
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these  experiments.  If  large,  well-shaped  crystals  are  to  be 
obtained,  the  hot  solution  must  be  of  a  certain  concentration, 
which  will  vary  with  almost  every  salt.  Before  setting  a 
solution  aside  to  crystallise,  a  test  should  always  be  made  by 
cooling  a  small  portion  in  a  test-tube  under  the  tap.  If  the 
solution  is  too  concentrated,  the  crystals  will  appear  to  fill  the 
whole  of  the  liquid,  and  in  such  cases  a  little  more  water  must 
be  added  to  the  main  solution.  If  no  crystals  separate  on  cool- 
ing, shake  the  tube  vigorously  (read  about  supersaturation 
below),  and,  if  there  is  still  no  appearance  of  crystals,  concen- 
trate the  main  solution  by  evaporation  in  a  porcelain  dish. 
Test  a  sample  from  time  to  time  until  the  test  shows  that  the 
right  concentration  has  been  reached.  The  sample  may  always 
be  poured  back  into  the  main  part  of  the  solution. 

Purification  of  an  Impure  Substance. 

Any  soluble  substance  may,  as  a  rule,  be  freed  from  small 
amounts  of  impurities  by  crystallisation  from  water  or  other 
suitable  solvent.  A  solvent  is  chosen  in  which  the  substance  is 
more  soluble  at  high  temperatures  than  at  low  temperatures. 
For  most  substances,  water  is  a  suitable  solvent.  A  saturated 
solution  is  made  at  or  near  the  boiling-point  of  the  solvent,  and 
the  solution  filtered  to  remove  any  insoluble  impurities.  The 
solution  is  then  cooled  slowly,  when  part  of  the  dissolved 
substance  separates.  Most  of  the  impurity  remains  in  the 
solution,  and  the  crystals  obtained  are  therefore  purer  than  the 
original  specimen. 

Exercise. — Purify  an  impure  salt  by  crystallisation  from 
water.  Potassium  nitrate  which  contains  a  little 
potassium  permanganate  serves  well  for  this  purpose, 
as  the  amount  of  permanganate  can  be  judged  by  the 
colour  of  the  crystals.  If  this  solution  is  boiled, 
partial  decomposition  of  the  permanganate  occurs,  and 
the  manganese  dioxide  which  separates  as  a  brown  solid 
must  be  filtered  off  before  crystallisation.  The  final 
product  should  be  colourless. 

Supersaturation. 

Most  salts  are  more  soluble  in  hot  water  than  in  cold  water, 
and  sodium  sulphate,  sodium  acetate,  and  sodium  carbonate 
conform  to  this  general  rule.  It  would  be  expected,  then,  that 
a  hot  saturated  solution  of  any  of  these  salts  would  deposit 
crystals  on  cooling,  but  sometimes  the  crystals  do  not  appear. 
A  solution  the  concentration  of  which  is  greater  than  that  of  a 
saturated  solution  of  the  substance  at  the  same  temperature,  is 
said  to  be  "supersaturated."  Such  a  solution  will  at  once 
deposit  the  excess  of  salt  if  a  crystal  of  the  solid  salt  is  added. 
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It  is  found  also  that  crystallisation  usually  occurs  if  the  solution 
is  shaken  vigorously,  or  if  the  surface  of  the  containing  vessel 
be  roughened  below  the  surface  of  the  liquid  by  rubbing  with  a 
glass  rod.  If  supersaturation  is  suspected,  the  liquid  should  be 
vigorously  shaken  or  the  surface  of  the  vessel  scratched  with  a 
glass  rod. 

Exercises. — 1.  Make  a  hot  concentrated  solution  of  sodium 
sulphate  in  a  test-tube.  The  solution  should  be  almost 
saturated,  but  no  excess  of  the  salt  should  be  left  or 
the  experiment  will  fail.  Cool  without  shaking  under 
the  tap,  when,  as  a  rule,  no  crystals  will  separate.  Try 
one  of  the  devices  mentioned  above  to  induce  crystallisa- 
tion. After  the  salt  has  crystallised,  heat  again  until 
it  has  all  dissolved.  Cool  again  and  try  another 
method. 

2.  Try  the  same  experiments  with  a  solution  of  sodium 
acetate  made  by  warming  a  few  drops  of  water  with 
half  a  test-tubeful  of  sodium  acetate. 

Supersaturation  takes  place  with  very  many  salts,  though 
not  always  to  such  a  marked  extent  as  with  those  mentioned 
above.  If  the  student  is  observant,  examples  are  sure  to  be 
noticed  in  the  course  of  general  work.  A  very  marked  example 
will  be  met  with  in  testing  for  potassium  by  precipitation  as 
bitartrate  (see  under  the  Reactions  of  Potassium  Salts). 

Water  of  Crystallisation. 

In  several  of  the  preparations  the  substance  obtained  is 
described  as  containing  water  of  crystallisation.  Such  sub- 
stances are  called  hydrates.  Thus  the  blue  crystals,  commonly 
known  as  blue  vitriol,  are  known  chemically  as  copper  sulphate 
pentahydrate,  and  are  said  to  contain  water  of  crystallisation, 
since  they  are  found  to  have  the  composition  represented  by 
the  formula  CuSO4,  5H2O.  The  water  is  an  essential  part  of 
the  molecule,  and  a  substance  with  'a  different  colour  and 
crystalline  form  is  obtained  if  the  water  is  removed  in  any  way. 

Experiments. — 1.  Heat  a  few  crystals  of  CuSO4,  5H2O  in 
a  porcelain  basin,  and  note  the  change  in  colour  as  the 
water  is  expelled.  The  white  substance  obtained  is 
anhydrous  CuSO4.  Cool  and  add  a  few  drops  of  water, 
when  the  blue  hydrate  will  be  re-formed. 

2.  Heat  some  ordinary  washing  soda  crystals,  Na2CO3, 
10H2O,  in  the  same  way.  The  crystals  first  melt  and, 
as  the  heating  is  continued,  water  is  steadily  driven  oft' 
until  a  white  solid  (anhydrous  sodium  carbonate)  is  left. 
This  can  be  melted  only  at  a  very  high  temperature. 
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From  these  experiments  it  is  evident  that  in  these  substances 
water  is  an  essential  part  of  the  molecule,  and  that  a  substance 
with  different  properties  is  obtained  when  the  water  is  expelled. 
It  may  be  asked  why  the  two  substances  CuSO4  and  CuSO4, 
5H2O  are  both  called  copper  sulphates.  The  explanation  is 
that  in  almost  all  respects  the  chemical  behaviour  of  the  two 
substances  is  identical.  Further,  most  operations  in  chemistry 
are  carried  out  with  solutions,  and  identical  solutions  are 
obtained  when  CuSO4,  5H2O  and  CuSO4  are  dissolved  in  water. 
The  formula  CuSO4,  5H2O  might  be  written  CuH10SO9,  but 
this  would  not  draw  attention  to  the  presence  of  the  sulphate 
radical,  and  does  not  indicate  the  nature  of  the  substance.  The 
student  is  advised  to  read  his  ordinary  text-book  or  notes  on 
this  subject.  (Walker's  Elementary  Inorganic  Chemistry,  p.  138.) 

Efflorescence. — If  a  substance  loses  part  or  all  of  its  water 
of  crystallisation  on  exposure  to  the  air  at  the  ordinary  tempera- 
ture, it  is  said  to  effloresce.  A  substance  which  does  this  is  said 
to  be  an  efflorescent  substance. 

Deliquescence. — There  is  always  a  certain  amount  of 
moisture  in  the  air,  and  some  substances  will  absorb  moisture 
at  the  ordinary  temperature,  and  are  therefore  said  to  be 
deliquescent  substances.  Deliquescent  substances  are  used  as 
drying  agents  for  gases.  They  yield  either  a  hydrate  or  a 
solution. 

Experiments. — On  two  watch-glasses  place  separately 
crystals  of  Glauber's  Salt,  Na2SO4,  10H2O,  and 
calcium  chloride,  CaCl2.  Label  the  two  substances 
and  leave  them  exposed  for  some  time  to  the  air,  and 
note  any  changes  which  may  indicate  loss  or  absorption 
of  water. 


Meaning  of  the  Expression  "  Soluble  in  Acids." 

It  is  sometimes  stated  that  a  substance  is  insoluble  in  water 
but  soluble  in,  for  example,  dilute  hydrochloric  acid.  This 
is  a  somewhat  confusing  use  of  the  term  "soluble,"  as  the 
phenomenon  differs  in  one  important  respect  from  ordinary 
solubility. 

Barium  chloride  dissolves  in  water,  and  on  evaporation  of 
the  water  barium  chloride  is  recovered ;  this  is  a  case  of  true 
solubility. 

Barium  carbonate  (which  is  insoluble  in  water)  is  said  to 
be  "soluble  in  dilute  hydrochloric  acid."  What  happens  when 
barium  carbonate  "  dissolves "  in  hydrochloric  acid  is  that 
chemical  action  takes  place,  with  formation  of  soluble  barium 
chloride ;  on  evaporation  of  such  a  solution  barium  chloride 
(not  carbonate)  is  obtained. 
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PROPERTIES  OP  ACIDS. 

There  is  a  large  number  of  chemical  substances  which  are 
known  as  acids  on  account  of  the  possession  of  certain  properties 
in  common.  'I  hey  are  not  to  be  distinguished  from  other 
substances  by  any  simple  physical  differences.  Thus  hydro- 
chloric acid  is  a  gas  (the  "  hydrochloric  acid "  used  in  the 
laboratory  is  a  solution  of  the  gas  in  water).  Sulphuric  acid  is 
a  heavy  oily  liquid,  whilst  oxalic  acid  is  a  crystalline  solid. 

Action  on  metals. — All  acids  contain  hydrogen,  which  is 
replaceable  by  a  metal,  yielding  a  salt.  Thus  we  find  hydrogen 
in  hydrochloric  acid,  HC1 ;  sulphuric  acid,  H2SO4;  nitric  acid, 
HNO3;  and  acetic  acid,  CH3.COOH.  In  all  these  cases  one 
or  more  of  the  hydrogen  atoms  in  the  molecule  may  be  replaced 
by  a  metal,  as,  for  example  : — 

Zn      +      H2SO4      =      ZnSO4      +         H2. 

(Zinc.)  (Sulphuric  (Zii,c  (Hydrogen.) 

acid.)  sulphate.) 

It  has  been  proposed  to  use  as  a  test  for  an  acid,  the  addition  of 
magnesium  (a  metal).  If  the  substance  is  an  acid,  one  obtains 
a  magnesium  salt,  and  hydrogen  is  given  off.  (Ammonium 
chloride  in  aqueous  solution  also  interacts  with  magnesium, 
and  yields  a  salt  and  hydrogen,  though  it  is  not  an  acid.) 

Action  on  litmus. — Another  general  property  of  acids  is 
the  action  on  litmus.  An  aqueous  solution  of  any  acid  will 
change  the  colour  of  the  dye-stuff  litmus  to  red.  Litmus  is 
used  for  some  purposes  dissolved  in  water.  For  many  purposes 
it  is  more  convenient  to  use  what  is  called  litmus  paper. 

Litmus  paper  is  paper  which  has  been  dipped  in  a  solution 
of  litmus  and  then  dried.  The  paper  has  no  part  in  the 
reaction,  and  it  is  a  matter  of  convenience  whether  one  uses 
litmus  solution  or  litmus  paper. 

Blue  litmus  paper  is  paper  treated  with  litmus  to  which 
just  sufficient  alkali  has  been  added  to  turn  the  litmus  blue. 
Blue  litmus  paper  turns  red  when  moistened  with  even  very 
dilute  acid. 

Red  litmus  paper  is  paper  treated  with  litmus  to  which 
just  sufficient  acid  has  been  added  to  turn  it  red.  It  turns  blue 
on  treatment  with  alkali. 

Acid  reaction. — A  substance  is  said  to  have  an  "acid 
reaction  "  when  it  reddens  litmus.  Certain  substances  which 
are  not  acids  will  redden  litmus.  Solutions  of  many  salts, 
for  example  copper  sulphate,  redden  litmus,  and  are  therefore 
said  to  have  an  acid  reaction,  but  they  are  not  acids  because 
they  do  not  possess  some  other  properties  of  acids. 

Interaction  -with  alkalis. — Another  general  property  of 
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acids  is  that  they  interact  with  alkalis  (soluble  hydroxides),  with 
formation  of  a  salt  and  water.  Hydrochloric  acid  is  a  typical 
acid,  whilst  sodium  hydroxide  is  a  typical  alkali.  If  solutions  of 
these  are  mixed,  the  following  reaction  takes  place  : — 

HC1        +        NaOH      =      NaCl      +      H2O. 

(Hydrochloric  (Sodium  (Sodium  (Water.) 

acid.)  hydroxide.)  chloride.) 

Any  substance  which  interacts  with  an  alkali  to  yield  a  "  salt " 
and  water  is  an  acid. 

Interaction  with  carbonates. — Almost  all  acids  interact 
with  carbonates,  with  evolution  of  carbon  dioxide,  which  is  a 
heavy  colourless  gas.  For  example  : — 

Na2(  O3      +      2HC1      =      2NaCl      +      H2O      +      CO2. 

(S"dium  (Hydrochloric  (Sodium  (Water.)  (Carbon 

carbonate.)  acid.)  chloride.)  dioxide.) 


Experiments  with  Acids  and  Salts. 

1.  Try  the  action  of  small   quantities  of  hydrochloric,    dilute 

sulphuric,  and  acetic  acids  on  separate  small  portions  of 
litmus  solution. 

2.  Place  a  drop  of  each  of  the  above  acids  on  blue  litmus  paper. 

3.  Solutions  of  some  salts  also  give  an  acid  reaction  to  litmus. 

Try  the  reaction  of  zinc  sulphate  and  ferric  chloride. 

4.  Try  the  action  of  each  of  the  above  acids  on  small  pieces  of 

metallic  zinc. 

5.  Try  the  action  of  an  acid  on  solid  sodium  carbonate. 

6.  Several  examples  of  salt  formation  by  the  interaction  of  an 

acid  and  an  alkali  are  given  later  (see  under  Preparation 
of  Potassium  Isitrate  and  Sodium  Chloride). 


PROPERTIES    OP    ALKALIS. 

The  substances  called  "alkalis"  are  grouped  together  under 
this  name  on  account  of  certain  ("alkaline")  properties  in 
common. 

Typical  examples  of  these  substances  are  sodium  hydroxide, 
NaOH;  potassium  hydroxide,  KOH ;  calcium  hydroxide, 
Ca(()H)2;  and  ammonium  hydroxide,  NH4OH.  It  will  be 
noticed  that  all  these  substances  contain  (as  part  of  the  mole- 
cules) an  oxygen  and  a  hydrogen  atom.  It  is  the  possession  of 
this  (OH)  group,  or  "hydroxyl,"  as  it  is  called,  which  endows 
the  substance  with  its  alkaline  properties.  All  substances 
which  contain  a  hydroxyl  group  attached  to  a  metal,  or  to  a 
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radical  like  the  (NH4)  group  which  behaves  in  some  ways 
like  a  metal,  are  known  as  bases.  If  the  base  is  soluble  in 
water,  it  is  called  an  alkali.  Insoluble  bases  have  many,  but 
not  all,  of  the  properties  of  alkalis. 

Alkaline  reaction. — A  solution  of  an  alkali  will  turn 
litmus  blue.  All  alkalis  will  turn  litmus  blue,  so  that  any 
substance  which  has  this  property  is  said  to  have  an  "  alkaline 
reaction."  Solutions  of  certain  salts,  such  as  potassium  acetate, 
turn  litmus  blue,  and  are  therefore  said  to  have  an  alkaline 
reaction.  Potassium  acetate,  however,  is  not  an  alkali,  since 
it  does  not  possess  other  general  properties  of  alkalis. 

Alkalis  impart  a  soapy  feeling  to  a  solution,  as  tested  by 
rubbing  a  drop  between  the  fingers. 

Interaction  with  acids. — The  interaction  between  an 
acid  arid  an  alkali  has  already  been  mentioned  in  the  description 
of  the  properties  of  an  acid.  This  action  is  such  an  important 
part  of  the  chemistry  of  an  alkali,  that  an  alkali  may  be 
described  as  a  substance  which  dissolves  in  water,  and  which 
interacts  with  an  acid  to  form  a  salt  and  water,  as  in  the 
typical  example  : — 

NaOH      +      HC1     =      NaCl     +      H2O. 

(An  alkali.)  (An  acid.)  (A  salt.)  (Water.) 

Precipitation  of  insoluble  hydroxides. — Alkalis  pre- 
cipitate certain  metals  as  insoluble  hydroxides  from  solutions 
of  their  salts,  e.g., 

FeCl3     +      SNaOH      =      Fe(OH)3      +      3NaCl. 

(Ferric  (Sodium  (Ferric  (Sodium 

chloride.)  hydroxide.)  hydroxide.)  chloride.) 

Experiments  with  Alkalis. 

1.  Try  the  action  of  sodium  hydroxide,  ammonium  hydroxide, 

and  calcium  hydroxide  on  litmus  (paper  and  solution). 
Try  the  action  of  barium  acetate  on  litmus. 

2.  Wet  the  tip  of  the  forefinger  with  a  drop  of  an  alkali,  and 

rub  between  thumb  and  finger.  Try  the  same  experi- 
ment with  a  drop  of  dilute  hydrochloric  acid  for  com- 
parison. 

3.  Many  experiments  on    salt  formation  will    be    given    later. 

The  preparation  of  potassium  nitrate  illustrates  the  for- 
mation of  a  salt  from  an  acid  and  an  alkali  (see  p.  35). 

4.  Try  the  action  of  the  alkalis  mentioned  in   Experiment  1   on 

ferric  chloride  solution.  Ferric  hydroxide  is  precipitated 
as  a  red-brown  solid. 
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ACID,  BASIC,  AND  NORMAL  SALTS. 

An  acid  may  be  regarded  as  a  salt  in  which  hydrogen 
forms  the  positive  radical,  as  in  HC1  and  H2SO4. 

A  normal  salt  is  a  salt  in  which  the  whole  of  the 
replaceable  hydrogen  in  an  acid  is  replaced  by  a  metallic 
radical  or  radicals. 

Typical  normal  salts.—  Nad,  K2SO4,  NH4C1,  NaC2H3O2. 

In  acetic  acid,  HC2H3O0,  only  one  hydrogen  atom  in  the 
molecule  is  replaceable  by  a  metallic  radical,  and  the  normal 
sodium  salt  is  therefore  NaC9H3O2. 

Acid  salts. — Some  acids  have  more  than  one  hydrogen 
atom  replaceable  by  a  metallic  radical,  and  can  therefore  yield 
more  than  one  salt.  A  salt  in  which  the  positive  part  is  partly 
hydrogen  is  called  an  acid  salt.  Thus  from  sulphuric  acid, 
H2SO4,  two  salts  may  be  obtained : 

K2SO4,     Normal  potassium  sulphate. 
KHSO4,     Acid  potassium  sulphate. 

In  a  similar  manner  phosphoric  acid,  H3PO4,  yields  three 
sodium  salts,  namely  : — 

Na3PO4,     Normal  sodium  phosphate. 
Na2HPO4,     Disodium  hydrogen  phosphate.^ 
NaH2PO4,     Sodium  dihydrogen  phosphate. 

The  two  latter  salts  are  acid  salts. 

Basic  salts  are  salts  in  which  one  positive  (metallic) 
radical  is  combined  with  two  or  more  negative  radicals  of 
which  one  is  the  hydroxide  (OH)  radical. 

Hg(NO3)9,     Normal  mercuric  nitrate. 
Hg(OH)  (NO3),     Basic  mercuric  nitrate. 

It  is  customary  to  omit  the  word  "normal,"  as  usually  the 
normal  salt  is  referred  to  when  it  is  not  specifically  stated 
otherwise.  Sometimes,  however,  the  word  "  acid  "  is  omitted  in 
cases  where  the  acid  salt  is  the  more  common — e.g.,  the 
"sodium  phosphate"  of  commerce  should  properly  be  called 
"disodium  hydrogen  phosphate." 

Neutrality  towards  Indicators. 

Acids  change  the  colour  of  the  dye-stuff  litmus  to  red, 
whilst  alkalis  cause  red  litmus  to  turn  blue.  A  substance 
which  will  not  change  blue  litmus  to  red  nor  red  litmus  to 
blue  is  said  to  be  neutral  in  reaction.  Usually  with  such 
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substances  the  litmus  assumes  a  port-wine  colour,  intermediate 
between  blue  and  red,  which  is  often  referred  to  as  the 
"neutral  colour  "  of  litmus. 

The  terms  acid,  basic,  and  normal  salts  refer  only  to  the 
constitution  of  the  salts,  and  afford  no  indication  of  the  reaction 
towards  litmus.  The  words  are  apt  to  suggest  that  an  acid  salt 
is  one  which  is  acid  to  litmus,  but  this  is  not  necessarily  the 
case. 

Normal  salts  formed  from  a  strong  acid  and  a  strong  base 
are  neutral  to  litmus,  e.g.,  KCl  and  K2SO4.  All  normal  salts 
are  not  neutral  to  litmus  ;  some  are  acid  in  reaction  and  some 
alkaline. 

Acid  salts  are  not  necessarily  acid  in  reaction  ;  they  are  as 
a  rule  acid  in  reaction,  but  some  are  neutral,  and  some  are 
even  alkaline,  as,  for  example,  Na2HPO4. 

Experiments. — Try  the  reactions  of  solutions  of  the 
following  salts  towards  red  and  blue  litmus. 

(1)  Normal    salts : — Potassium  or  sodium  carbonate,    ferric 

chloride,  copper  sulphate,  magnesium  sulphate. 

(2)  Acid      salts  : — Acid       potassium      sulphate,     disodium 

hydrogen      phosphate     (the     common     phosphate     of 
sodium). 

Basic  salts  are  in  general  insoluble  and  yield  no  reaction 
with  litmus. 


SULPHURIC  ACID,  H2SO4. 

Sulphuric  acid  is  a  colourless,  heavy,  oily  liquid.  It  mixes 
in  all  proportions  with  water,  and  there  is  considerable  evolu- 
tion of  heat  during  the  process. 

Experiment. — To  a  few  cubic  centimetres  of  water   add 
about  1  c.c.  of  concentrated  sulphuric  acid,  and  oscillate 
the  tube   so    as    to    cause  mixture  of  the  two   liquids. 
Notice  the  considerable  rise  in  temperature. 
Caution. — When    it    is    necessary    to    dilute    concentrated 
sulphuric    acid  with   water,   the   acid   must  always  be   poured 
slowly  into  the  water.     If  the  water  is  poured  on  the  acid,  an 
accident   may    happen    for    the    following    reason.       Water    is 
lighter  than   sulphuric   acid,   and  therefore    tends   to    form    a 
layer  on  the  surface.     Where  acid  and  water  are  in  contact, 
so    much   heat  is  developed    that   some   of  the  water  may  be 
suddenly   converted   into   steam,   with    consequent   violent  ex- 
pulsion of  the  mixture  from  the  containing  vessel.     Sulphuric 
acid  causes  painful  and  dangerous  burns.     Care  should  therefore 
always  be   taken  to  pour  the  acid  into  water,  and  not  water 
into  the  acid. 
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Concentrated  sulphuric  acid  behaves  in  many  respects 
differently  from  what  is  called  dilute  sulphuric  acid,  i.e.,  sulphuric 
acid  which  has  been  mixed  with  several  times  its  own  weight 
of  water. 

1.  Concentrated    sulphuric    acid    acts    as    a   dehydrating   or 
drying  agent,  and    is    used   on  this  account  for  drying  gases. 
The  dehydrating  action  may  also  be  shown  as  follows  : — 

Experiment. — To  a  few  powdered  crystals  of  blue  copper 
sulphate  add  a  little  concentrated  sulphuric  acid.  The 
crystals  lose  the  blue  colour  as  the  sulphuric  acid 
removes  the  water  of  crystallisation. 

2.  Concentrated   sulphuric    acid   expels  volatile  acids   from 
their  compounds,   e.g.,   it  acts   on   sodium  chloride  to  produce 
HC1  and  Na2SO4  (or  NaHSO4,  according  to  the  conditions  of 
experiment). 

Experiment. — Place  about  half  a  teaspoonful  of  salt  in 
a  test-tube,  add  sufficient  sulphuric  acid  to  cover  it, 
and  warm  gently.  Hydrochloric  acid  is  evolved.  Apply 
some  tests  to  prove  that  the  gas  is  hydrochloric  acid 
(p.  18). 

3.  Concentrated    sulphuric    acid    decomposes  many  organic 
substances,  with  liberation  of  carbon  and  consequent  blacken- 
ing.     Organic   substances    usually   contain    carbon,   hydrogen, 
and  oxygen,  with  or  without  other  elements.     The  action  of 
H2SO4  is  usually  very  complex,  but  may  be  roughly  described 
as  withdrawing  hydrogen   and    oxygen  from  the  substance  in 
the    proportions    necessary   to    form    H2O.     This    often  leaves 
free  carbon. 

Experiment. — Try  the  action  of  sulphuric  acid  on  cane 
sugar.  Warm  gently  if  there  is  no  action  in  the  cold. 

A  similar  action  is  described  in  the  preparation  of  carbon 
monoxide  from  oxalic  acid  and  sulphuric  acid  (p.  149). 

4.  Concentrated  sulphuric  acid  acts  on  many  metals.     The 
corresponding   sulphate    is    formed,    and    sulphur    dioxide    is 
evolved. 

Experiment. — Try  the  action  of  sulphuric  acid  on  copper, 
and  test  the  gas  evolved  for  sulphur  dioxide  (p.  26). 

The  simplest  equation  for  the  above  reaction  is : — 
Cu  +  2  H2SO4  =  CuSO4  +  2H2O  +  SO,. 

This  is  the  main  reaction  which  occurs,  but  it  is  accom- 
panied by  other  reactions  to  some  extent.  In  this,  as  in  some 
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other  reactions,  concentrated  sulphuric  acid  acts  as  an  oxidising 
agent.  A  simple  acid  would  act  on  copper  to  yield  a  salt  and 
hydrogen,  but  in  this  case  the  hydrogen  is  oxidised  to  water. 


DILUTE    SULPHURIC   ACID. 

Sulphuric  acid  which  has  been  diluted  with  water  will  not 
act  as  a  dehydrating  agent,  and  the  reactions  of  dilute  sulphuric 
acid  are  therefore  often  different  from  those  of  concentrated 
sulphuric  acid.  The  principal  properties  of  dilute  sulphuric 
acid  are  those  usual  in  a  strong  mineral  acid,  e.g.,  it  interacts 
with  some  metals  to  form  a  sulphate  and  hydrogen. 


It  might  be  supposed  that  a  concentrated  acid  would 
always  act  more  vigorously  than  a  dilute  acid,  but  this  is  not 
necessarily  the  case.  As  a  rule,  pure  cold  concentrated 
sulphuric  acid  has  little  if  any  action  on  metals,  even  when 
these  metals  are  readily  attacked  by  dilute  sulphuric  acid. 

Experiments.  —  Place  pieces  of  iron  in  concentrated  and 
in  dilute  sulphuric  acid,  and  compare  the  evolution  of 
gas  in  the  two  cases. 

Try  the  same  experiment  with  zinc  in  place  of  the  iron. 

Those  reactions  of  dilute  sulphuric  acid  which  are  common 
to  all  soluble  sulphates  are  given  on  p.  120. 


HYDROCHLORIC  ACID. 

Hydrochloric  acid  is  a  colourless  gas  with  a  pungent 
characteristic  odour.  It  is  readily  soluble  in  water,  and  the 
"  hydrochloric  acid "  used  in  the  laboratory  is  a  solution  of 
the  gas  in  water.  In  solution  it  behaves  as  a  typically  "strong  " 
acid. 

Preparation.  —  Place  sufficient  sodium  chloride  (common 
salt)  in  a  test-tube  to  fill  it  to  a  depth  of  an  inch,  and  pour  on 
concentrated  sulphuric  acid  until  the  salt  is  covered.  Fit  the 
test-tube  with  a  cork  and  tube  as  shown  in  Fig.  7.  Collect 
samples  of  the  gas  in  dry  test-tubes,  and  try  the  reactions  given 
below. 

Experiments — 

I.  Close  a  tube  full  of  the  gas  with  the  thumb,  and  invert  it. 

Place  the  end  under  water  in  a  basin  and  withdraw  the 
thumb.  The  water  will  rise  steadily  in  the  tube,  showing 
that  the  hydrochloric  acid  dissolves  in  water. 
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II.  Hold  a  piece  of  filter  paper  which  has  been  dipped  in 
concentrated  ammonia  solution  in  a  tube  of  hydrochloric  acid 
gas.     White    fumes    will    be    formed.      The    white    fumes    are 
solid  particles  of  ammonium  chloride. 

HC1  +  NH3  =  NH4C1. 

III.  Bubble   the  gas  through  a  third   of  a  test-tubeful  of 
water  for  a  few  minutes,  in  order  to  make    a  solution.     Use 
small  portions  of  this  solution  for  the  following  experiments  :  — 

1.  Try  the  action  on  litmus. 

2.  Try  the  action  on  a  metal,  e.g.,  zinc. 


,         2. 

These  two  tests  prove   that  the   solution    contains 
an  acid. 

3.  Add  silver  nitrate  to  the  solution.     A  white  precipitate 
of  silver  chloride  is  produced. 

AgN03  +  HC1  =  AgCl  +  HN03. 


NITRIC  ACID. 

Concentrated  nitric  acid  is  a  liquid  which  is  heavier  than 
water  (sp.  gr.  1'4).  The  commercial  acid  is  usually  more  or 
less  brown  on  account  of  dissolved  nitrogen  peroxide,  but  the 
pure  acid  is  colourless.  Ordinary  concentrated  nitric  acid 
contains  less  than  75  per  cent,  of  nitric  acid,  the  remainder 
being  water. 

Concentrated  nitric  acid  is  (1)  a  strong  acid,  and  (2)  a 
very  vigorous  oxidising  agent.  The  acidic  properties  are  often 
masked  by  the  oxidising  properties,  and  in  no  case  does  nitric 
acid  behave  as  a  typical  strong  acid.  For  example,  a  typical 
acid  would  interact  with  a  metal  to  yield  a  salt  and  hydrogen — 
but  hydrogen  is  never  liberated  in  presence  of  a  stiong  oxidis- 
ing agent  like  nitric  acid.  The  interaction  of  a  metal  and 
nitric  acid  results  therefore  in  the  formation  of  a  nitrate  and 
reduction  products  of  nitric  acid,  such  as  nitrogen  peroxide  and 
nitric  oxide. 

Experiments. — 1.  The  action  of  nitric  acid  on  copper  is 
described  on  p.  30.  If  "fuming"  nitric  acid  (contain- 
ing nearly  100  per  cent,  nitric  acid)  is  used  instead  of 
the  more  dilute  acid,  nitrogen  peroxide  is  obtained 
instead  of  nitric  oxide. 

2.  Concentrated  nitric  acid  attacks  almost  all  animal  and 
vegetable  products  and  oxidises  them.  Un  this  account 
it  causes  dangerous  "burns"  if  spilt  on  the  skin,  and 
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quickly  disintegrates  any  clothing  with  which  it  comes 
into  contact.  Try  the  action  on  a  piece  of  coloured 
cloth,  a  leaf,  and  a  piece  of  wood. 

3.  To  a  very  small   portion   of  lead   sulphide,    add   about 

1  c.c.  of  concentrated  nitric  acid  and  warm  gently. 
The  colour  of  the  solid  changes  from  black  to  white 
as  the  sulphide  is  oxidised  to  sulphate. 

4.  Most  metals  are  dissolved  by  nitric  acid  with  formation 

of  soluble  nitrates  and  evolution  of  oxides  of  nitrogen. 
Tin  is  not  dissolved  but  is  oxidised  to  stannic  oxide, 
SnO2.  Try  the  action  of  concentrated  nitric  acid  on 
small  portions  of  (1)  zinc,  and  (2)  tin. 

Dilute  nitric  acid  also  possesses  oxidising  properties, 
which,  however,  become  less  marked  as  the  acid  is  made 
more  dilute. 

Dilute  nitric  acid  dissolves  most  metals,  but  as  a  rule  no 
hydrogen  is  evolved.  Possibly  the  first  tendency  is  to  form  a 
nitrate  and  hydrogen,  the  hydrogen  being  immediately 
oxidised  to  water  by  more  nitric  acid.  This  would  explain 
the  formation  of  a  nitrate  and  evolution  of  reduction  products 
of  nitric  acid,  such  as  nitric  oxide  and  nitrogen  peroxide. 


CARBON    DIOXIDE,  CO2. 

Carbon  dioxide  is  a  heavy  colourless  gas  which  is  always 
present  in  small  amount  in  the  atmosphere.  As  it  is  formed 
in  a  large  number  of  reactions,  it  is  desirable  to  have  some 
easy  test  for  its  presence. 

Lime  water  is  a  colourless  solution  of  calcium  hydroxide 
which  is  obtained  by  shaking  water  and  lime  together  for  some 
time  and  then  filtering  or  syphoning  off  the  clear  solution. 
If  a  gas  which  contains  carbon  dioxide  is  shaken  up  with  some 
lime  water  or  caused  to  bubble  through  the  lime  water,  the 
solution  becomes  cloudy  and  then  white  like  milk.  This  is  due  to 
separation  of  fine  solid  particles  of  insoluble  calcium  carbonate. 

Ca(OH)2     +      CO2     =      CaCO3     +      H2O. 

(Calcium  (Carbon  (Calcium  (Water.) 

hydroxide.)  dioxide.)  carbonate.) 

The  air  expired  by  man  contains  4  to  5  per  cent,  of  carbon 
dioxide,  and  it  may  therefore  be  used  to  supply  carbon  dioxide 
for  certain  experiments. 

Experiment. — Pour  a  few  drops  of  lime  water  into  a  test- 
tube,  and  about  twice  as  much  water,  and  blow  gently 
through  a  narrow  tube  so  that  the  expired  air  bubbles 
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through  the  lime  water.  Notice  that  the  lime  water 
quickly  becomes  milky.  Continue  to  blow  through  the 
solution  for  some  time,  when  it  will  be  found  that  the 
solution  gradually  becomes  clear  again,  and  finally 
a  perfectly  clear  solution  is  obtained. 

This  clear  solution  contains  calcium  bicarbonate  and  is 
really  a  sample  of  what  is  called  "hard"  water,  i.e.,  it  will 
not  give  a  lather  at  first  with  soap,  and  possesses  the  feel  of 
what  one  calls  "hard"  water. 

The  calcium  bicarbonate  is  formed  thus : — 

CaCO3      +      CO2      +      H2O      -      CaH9(CO3)0. 

(Calcium  (Carbon  (Water.)  (Calcium 

carbonate.)  dioxide.)  •         bicarbonate.) 

Calcium  bicarbonate  is,  as  we  have  seen,  soluble  in  water. 
Hardness   due    to  the  presence  of  calcium  bicarbonate  is 
called  temporary  hardness,  as  it  may  readily  be  removed. 

Experiment. — Pour  half  the  solution  of  calcium  bicar- 
bonate into  a  second  test-tube,  and  boil  one  portion. 
It  will  be  found  that  the  solution  again  becomes  milky, 
and  it  can  easily  be  proved  that  at  the  same  time 
carbon  dioxide  is  driven  off' with  the  steam. 

On  boiling  a  solution  of  calcium  bicarbonate,  it  is 
decomposed  into  calcium  carbonate  (insoluble),  water, 
and  carbon  dioxide,  and  the  water  left  is  no  longer 
"hard."  To  the  second  portion  of  the  solution  add 
about  an  equal  volume  of  lime  water,  and  notice  that 
the  mixture  at  once  becomes  milky  through  the 
separation  of  calcium  carbonate. 

CaH2(C03),      +      Ca(OH)2      -      2CaCO3      +      2H2O. 

(Calcium  (Calcium  "  (Calcium  (Water.) 

bicarbonate.)  hydroxide.)  carbonate.) 

This  second  method  is  used  on  the  large  scale  to  remove 
hardness  from  water  to  be  used  for  domestic  or  industrial 
purposes. 

The  water  after  treatment  is  kept  in  reservoirs  until  the 
calcium  carbonate  has  settled. 

Preparation  of  carbon  dioxide. — The  easiest  method 
to  prepare  carbon  dioxide  is  by  the  action  of  hydrochloric 
acid  on  marble,  which  is  nearly  pure  calcium  carbonate.  Take 
a  few  small  pieces  of  marble  and  place  them  in  a  test-tube. 

Fill  the  tube  about  one-third  full  of  water,  and  prepare  a 
rubber  cork  and  bent  tube  to  fit  the  test-tube  as  shown  in 
sketch.  Pour  in  hydrochloric  acid  until  there  is  a  plentiful 
evolution  of  gas,  and  fit  the  cork  in  place. 

When  the  carbon  dioxide  has  displaced  the  air,  it  will  pour 
over  through  the  tube,  and  may  be  collected  in  a  second  test- 
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tube,  so  that  one  can  obtain  samples  of  the  gas  and  examine 
its  properties.  When  the  evolution  of  gas  becomes  too  slow, 
add  a  little  more  acid. 


Fig.  7.— Collection  of  a  gas  by  downward  displacement. 

Experiments  with  carbon  dioxide — 

1.  Its  action  on  lime  water  is  described  above.      Repeat  the 

experiment,  using  the  gas  prepared  from  calcium 
carbonate. 

2.  It  will  faintly  redden  blue  litmus.     Test  this  by  holding 

a  wet  piece  of  blue  litmus  paper  to  the  mouth  of  the 
tube. 

3.  It  is  a  very  heavy  gas.     It  is  so  much  heavier  than  air 

that  one  may  treat  it  almost  as  a  liquid.  In  collecting 
the  gas  the  test-tube  must  be  held  with  open  end 
uppermost  as  with  a  liquid.  Pour  a  test-tube  full  of 
the  gas  into  another  test-tube  as  if  an  invisible  liquid 
were  being  poured  from  one  tube  to  another,  and  test 
for  carbon  dioxide  in  the  second  tube  with  lime  water. 

4.  It  will   not  support  combustion.     This   may  be  proved 

by  plunging  a  lighted  match  or  taper  into  a  tube 
full  of  the  gas,  when  the  flame  will  be  at  once 
extinguished. 
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Carbon  dioxide  a  product  of  combustion.  —  Carbon 
dioxide  is  formed  when  many  substances  are  burnt  in  air.  It 
is  formed,  for  instance,  in  the  combustion  of  charcoal,  coal, 
coke,  wood,  oil,  and  most  other  animal  or  vegetable  products, 
since  all  of  these  substances  contain  carbon. 

Experiment.  —  Plunge  a  lighted  match  or  taper  into  a  test- 
tube  and  test  the  gas  in  the  test-tube  at  once  for 
carbon  dioxide  in  the  usual  manner  with  lime  water. 

Decomposition  of  Magnesium  Carbonate  by  Heat. 

Magnesium  carbonate  is  found  in  nature  as  the  mineral, 
Magnesite.  It  is  white,  insoluble  in  water,  and  resembles 
chalk  in  appearance. 

Experiments.  —  Place  a  piece  of  red  litmus  paper  on 
a  watch-glass,  and  a  piece  of  magnesite  on  the  litmus 
paper.  Then  wet  the  paper  and  magnesite  with  a  drop 
or  two  of  water,  when  it  will  be  found  that  magnesite 
has  not  the  power  (if  pure)  of  turning  litmus  paper 
blue.  Heat  some  powdered  magnesite  in  a  hard  glass 
tube  and  test  for  carbon  dioxide  in  the  tube,  with 
a  drop  of  lime  water  on  the  end  of  a  glass  rod. 

Examine  the  residue  in  the  tube.     Try  its  action  on 
moist  red  litmus  paper. 

Magnesium  carbonate  is  decomposed  by  heat  into  carbon 
dioxide  and  magnesium  oxide. 

MgCO3  =  MgO  +  CO2. 


Magnesium  oxide  is  a  white  solid  which  dissolves  slightly 
in  water.     The  solution  has  an  alkaline  reaction. 


OXYGEN,  (X. 

Oxygen  is  a  colourless,  odourless,1  and  tasteless  gas  which 
is  almost  insoluble  in  water.  One-fifth  of  the  atmosphere 
consists  of  oxygen,  the  remainder  being  nitrogen.  Nitrogen 
is  chemically  inert — that  is,  it  does  not  readily  react  with  other 
substances — and  the  action  of  air  on  bodies  is  therefore  almost 
entirely  due  to  oxygen.  Substances  burn  because  they  combine 
vigorously  with  oxygen,  metals  rust  because  they  unite  slowly 
with  oxygen,  and  so  on.  The  reactions  of  oxygen  are  therefore 
much  the  same  as  the  reactions  of  air,  but  are  more  vigorous, 
since  there  is  no  nitrogen  to  dilute  the  gas. 

1  Oxygen  prepared  in  the  laboratory  has  often  a  decided  odour  on 
account  of  impurities. 
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Methods  of  Preparation. 

I.  From  lead  peroxide. — Heat  a  little  lead  peroxide  in  a 
hard  glass  test-tube.     Oxygen  is  evolved,  and  can  be  detected 
by  plunging  a  glowing  splint  into  the  tube.     The  lead  peroxide 
gives  red  lead  (a  lower  oxide  of  lead)  and  oxygen  : — 

3PbO,  =  Pb3O4  +  O2. 

If  the  heating  is  continued  further,  this  red  oxide  undergoes 
further  decomposition,  yielding  more  oxygen  and  lead  monoxide 
(litharge),  which  is  a  yellow  solid  : — 

2Pb304  =  6PbO  +  02. 

II.  From     potassium     permanganate.  —  Heat      some 
crystals  of  potassium  permanganate  in  a  hard  glass  test-tube, 
when    oxygen   will    be    evolved    and    a    mixture    of  potassium 
manganate  and  manganese  dioxide  left  as  a  solid  residue. 

2KMnO4  =  K,MnO4  4-  MnO2  +  O2. 

III.  From   potassium  chlorate. — Heat   some   potassium 
chlorate  in  a  test-tube.     It  melts  and   then  evolves  oxygen, 
leaving  potassium  perchlorate  and  chloride. 

2KC1O3  =  KC1O4  +  KC1  +  O,. 

Further  heating  leads  to  a  further  decomposition  of  the 
perchlorate  into  potassium  chloride  and  oxygen. 

KC104  =  KC1  +  202. 

The  decomposition  of  potassium  chlorate  by  heat  is  readily 
influenced  (catalysed)  by  the  presence  of  other  substances. 
Mix  some  potassium  chlorate  with  fine  sand  or  manganese 
dioxide.  In  either  case  the  action  will  proceed  at  a  much 
lower  temperature.  The  manganese  dioxide  or  sand  is  there~ 
fore  said  to  be  a  catalyst  for  this  reaction,  since  it  influences 
the  reaction,  though  it  is  itself  left  unchanged  at  the  end  of 
the  reaction. 

Experiments  with  Oxygen. — Collect  samples  of  oxygen 
prepared  by  one  or  other  of  the  above  methods,  using  the 
apparatus  shown  in  Figs.  7  or  9. 

1.  Heat  the  end  of  a  glass  rod  until  almost  at  a  red  heat, 
and  bring  the  hot  end  into  contact  with  a  little 
sulphur.  Some  of  the  sulphur  will  stick  to  the  end  of 
the  rod,  and  may  burn ;  if  not,  light  it  in  the  Bunsen 
flame.  Introduce  this  burning  sulphur  into  oxygen, 
when  it  will  burn  much  more  vigorously  than  in  air. 
After  the  sulphur  has  ceased  to  burn,  pour  in  a  little 
litmus  solution,  close  the  tube  with  the  thumb,  and 
shake. 
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2.  Light  the  end  of  a  strip  of  cedar  wood,  and  blow  out 
the  flame.  Plunge  the  glowing  end  of  the  splint  into 
the  gas,  when  it  will  burst  into  flame  and  burn  very 
brightly.  This  is  the  usual  laboratory  test  for  oxygen. 


CHLORINE,  Cl,. 

Chlorine  is  a  heavy  greenish-yellow  gas  with  a  very 
unpleasant  and  characteristic  odour.  It  attacks  the  mucous 
membranes  and  is  poisonous  if  inhaled  in  quantity;  the  follow- 
ing experiments  should  therefore  be  performed,  if  possible,  in 
a  draught-cupboard.  This  gas  was  largely  used  by  the  Germans 
in  their  first  gas  attacks. 

Preparation.  —  Fit  a  test-tube  with  a  common  cork  and 
delivery  tube  so  that  the  gas  may  be  collected  by  downward 
displacement.  In  the  test-tube  place  a  mixture  of  common 
salt  and  manganese  dioxide.  To  2  c.c.  of  water  in  a  test-tube, 
add  2  c.c.  of  concentrated  sulphuric  acid,  and  pour  this  mixture 
carefully  into  the  test-tube  containing  the  salt  and  manganese 
dioxide. 


Mn02  +  2NaCl  +  2H2SO4  =  MnSO,  +  C12  +  Na2SO4  +  2HoO. 

Try  the  following  experiments  as  quickly  as  possible,  and  then 
wash  out  the  apparatus  at  once  with  a  plentiful  supply  of 
water  :  — 

Experiments  with  chlorine  — 

(1)  The  greenish-yellow  colour  is  characteristic  of  chlorine. 

(2)  The  odour  is  pungent  and  unpleasant.     Inhale  as  little 

as  possible. 

(3)  Chlorine  is  slightly  soluble  in  water,  the  solution  being 

known  as  chlorine  water.  This  solution  has  strong 
bleaching  properties.  Prepare  a  little  of  the  solution 
by  passing  the  gas  through  water,  and  try  its  bleaching 
action  on  a  little  litmus  solution  and  on  a  drop  of  ink. 

(4)  Chlorine    interacts    vigorously    with    metals    to    form 

chlorides.  Fill  a  dry  test-tube  with  chlorine,  and  drop 
in  a  little  finely  divided  aluminium. 


SULPHUR   DIOXIDE,    SO2. 

Sulphur  dioxide  is  a  colourless  gas  with  a  suffocating  odour. 
The  smell  of  burning  sulphur  is  due  to  sulphur  dioxide  and  the 
gas  may  be  therefore  readily  recognised.  It  is  soluble  in  water 
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and  the  solution  behaves  as  if  it  contained  the  weak  acid, 
H2SO3,  sulphurous  acid,  though  this  acid  cannot  be  isolated. 
On  heating,  the  sulphurous  acid  is  decomposed  and  sulphur 
dioxide  given  off.  This  solution  bleaches  most  vegetable 
colouring  matters,  and  the  action  on  a  piece  of  wet  blue  litmus 
paper  shows  the  acid  and  bleaching  properties  of  the  gas,  since 
the  paper  is  first  reddened  and  then  slowly  bleached. 

Sulphurous  acid  is  a  reducing  agent  since  it  takes  oxygen 
from  other  substances  and  forms  sulphuric  acid. 


Methods  of  preparation.  —  Burn  a  small  piece  of  sulphur, 
and  observe  the  characteristic  odour  of  sulphur  dioxide.  Sul- 
phur dioxide  is  also  evolved  when  a  sulphite  is  warmed  with  an 
acid. 

Na2S03  +  2HC1  =  2NaCl  +  H2O  +  SO2. 

Add  dilute  hydrochloric  acid  to  a  few  crystals  of  sodium  thio- 
sulphate  (photographic  "hypo"),  and  warm  gently.  Sulphur 
dioxide  is  evolved  and  sulphur  separates  as  white  particles. 

Na2S203  +  2HC1  =  2NaCl  +  S  +  SO2  +  H2O. 

The  best  method  to  prepare  sulphur  dioxide  in  quantity  is  by 
the  interaction  of  copper  and  concentrated  sulphuric  acid. 
Place  a  few  strips  of  metallic  copper  in  a  test-tube,  add  about 
1  c.c.  of  concentrated  sulphuric  acid,  fit  the  test-tube  with  a 
rubber  cork  and  delivery  tube  (Fig.  7),  and  warm  the  mixture. 

Cu  +  2H2SO4  =  CuSO4+  2H2O  +  SO2. 

Experiments.  —  Collect  samples  of  the  gas  and  try  the 
following  reactions  :  — 

1.  The  gas  reddens  and  then  bleaches    moist  blue   litmus 

paper  or  litmus  solution. 

2.  Sulphur   dioxide   reduces    ferric    ferricyanide.     Hold    a 

test-paper  (p.  161)  in  the  gas,  when  a  deep  blue  colour 
will  be  obtained. 

3.  Fill  a  dry  tube  with  the  gas  and  invert  it  over  water. 

The  gas  is  quickly  dissolved  and  the  water  ascends  the 
tube. 

4.  Bubble  the  gas  through  a  small  quantity  of  water  in  a 

test-tube  for  a  few  minutes.  The  sulphurous  acid 
obtained  is  a  strong  reducing  agent.  Add  a  few  drops 
of  potassium  permanganate.  The  purple  colour  is 
destroyed  on  account  of  the  reduction  of  the  per- 
manganate. 

2KMn04  +  5H2S03  -  2KHSO4  +  2MnSO4  +  H2SO4  +  3H2O. 
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HYDROGEN   SULPHIDE,    H2S. 

Hydrogen  sulphide,  often  called  sulphuretted  hydrogen,  is  a 
colourless  gas  which  is  moderately  soluble  in  water.  It  is 
readily  recognised  by  its  unpleasant  odour,  which  somewhat 
resembles  that  of  rotten  eggs.  It  is  poisonous  if  inhaled  in 
quantity. 

Preparation.  —  Ferrous  sulphide,  when  treated  with  dilute 
sulphuric  acid,  is  decomposed,  with  formation  of  ferrous  sulphate 
and  hydrogen  sulphide. 

FeS  +  H2SO4  -  FeSO4  +  H2S. 

Place  the  ferrous  sulphide  in  a  test-tube,  add  sufficient  dilute 
sulphuric  acid  to  cover  it,  and  collect  samples  of  the  gas  by 
downward  displacement  (since  it  is  a  little  heavier  than  air). 

Properties  — 

(1)  The    unpleasant    odour    is    characteristic,    though    the 

odour  of  the  gas  after  special  purification  is  not 
unpleasant. 

(2)  It  burns  with  a  bluish  flame,  with  formation  of  water 
and  sulphur  dioxide  which  may  be    recognised  by  its 
odour. 

2H2S  +  3O2  =  2H2O  +  2SO2. 

When  burnt  by  applying  a  light  to  a  test-tubeful  of 
the  gas,  combustion  is  usually  incomplete  and  there  is 
a  partial  separation  of  sulphur. 


(3)  Pass  the  gas  through  some  water  for  a  few  minutes  to 
obtain  a  solution,  with  which  the  following  experiments 
may  be  tried  :  — 

(1)  The  solution  slightly  reddens  litmus  solution,  since 

hydrogen  sulphide  is  a  weak  acid. 

(2)  Many    metallic    sulphides    are    precipitated    from 

solutions  of  salts,  e.g.,  copper  sulphide  is  pre- 
cipitated on  addition  of  hydrogen  sulphide  to 
copper  sulphate. 

CuSO4  +  H2S  =  CuS  +  H2SO4. 

(3)  Hydrogen    sulphide    in     solution   is   oxidised    011 

exposure  to  air,  and  sulphur  is  precipitated.  (The 
bench  solution  will  probably  have  a  white  pre- 
cipitate of  sulphur  in  it  on  this  account.)  The 
equation  is  the  same  as  for  the  partial  combustion 
in  air,  with  separation  of  sulphur,  given  above. 
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The  precipitation  of  insoluble  metallic  sulphides  by  means 
of  hydrogen  sulphide  is  of  great  importance  in  qualitative 
analysis. 

HYDROGEN,  H2. 

Pure  hydrogen  is  a  colourless,  odourless,  and  tasteless  gas 
which  burns  readily  in  air.  When  mixed  with  air  or  oxygen 


Fig.  8. — Collection  of  a  gas  by  upward  displacement. 

it  explodes  on  ignition.  It  is  the  lightest  known  gas,  and  is 
therefore  readily  collected  by  "upward  displacement"  of  air, 
as  shown  in  the  diagram. 

Preparation. — Hydrogen  may  be  prepared  by  the  inter- 
action of  a  metal  with  an  acid.  Most  metals  and  most  acids 
may  be  used,  but  the  reaction  is  in  some  cases  slow  and  in 
others  is  complicated  by  secondary  reactions.  Zinc  and  dilute 
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sulphuric  acid  interact  readily,  and  are  the  usual  metal  and  acid 
used. 

Arrange  the  apparatus  as  shown  in  Fig.  8,  add  about 
10  c.c.  of  dilute  sulphuric  acid  to  some  granulated  zinc,  and 
collect  samples  of  the  gas. 

Properties — 

(1)  The  gas  prepared  in  this  way  usually  has  a  sharp  and 

unpleasant  odour ;  this  is  due  to  impurities. 

(2)  Hydrogen,  when  mixed  with  air,  explodes  on  ignition, 
but  burns  quietly  when  free  from  oxygen.     Test  this  as 
follows  : — 

Remove  the  collecting  tube,  keeping  the  open  end 
downwards,  and  close  it  with  the  thumb.  Bring 
it  into  the  neighbourhood  of  a  flame,  remove  the 
thumb,  and  immediately  insert  the  open  end  of 
the  tube  in  the  flame.  The  hydrogen  will 
explode  if  mixed  with  air,  or  burn  quietly  if 
pure. 

(3)  Hydrogen    is    much    lighter   than    air,    and    therefore 

quickly   escapes    if  the  tube    is    held    with    the    open 
end  uppermost. 

Fill  a  tube  with  hydrogen,  keep  it  with  the  open  end 
uppermost  for  one  minute,  and  then  test  it  by 
application  of  a  flame. 

Repeat  the  experiment,  but  keeping  the  open  end 
downwards. 


NITROUS   OXIDE,  N2O. 

Nitrous  oxide,  or  laughing  gas,  is  prepared  by  heating 
ammonium  nitrate. 

NH4N03  =  N20  +  2H20. 

Heat  a  little  ammonium  nitrate  in  a  test-tube  fitted  with  a 
delivery  tube,  and  collect  the  gas  by  downward  displacement 
(Fig.  7).  Overheating  must  be  avoided,  as  occasionally  an 
explosion  occurs  if  too  much  heat  is  applied  after  the  decom- 
position has  commenced. 

Nitrous  oxide  is  a  colourless  gas,  which  is  fairly  soluble  in 
cold  water. 

Fill  two  test-tubes  with  the  gas,  and  try  the  following 
experiments : — 

(1)  Plunge  a  burning  splint  in  the  gas,  and  note  that  it 
burns  rather  better  than  in  air.  It  will,  of  course,  be 
extinguished  finally  when  all  the  gas  is  used  up. 
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(2)  Invert  a  tube  of  nitrous  oxide  over  a  basin  of  cold  water, 

and  note  that  the  water  rises  in  the  tube,  showing  that 
the  gas  dissolves  in  water. 

(3)  Notice  that  there  is  no  formation  of  brown  fumes  when 

nitrous  oxide  mixes  with  air   (distinction   from  nitric 
oxide). 


NITRIC   OXIDE,  NO. 

Nitric  oxide  is  a  colourless  gas  which  is  almost  insoluble  in 
water.  In  contact  with  air  or  oxygen  it  at  once  turns  brown 
on  account  of  formation  of  nitrogen  peroxide.  Its  density  is 
almost  the  same  as  that  of  air. 


Fig.  9. — Collection  of  a  gas  over  water. 

Preparation. — Nitric  oxide  is  most  readily  prepared  by 
interaction  of  copper  and  concentrated  nitric  acid,  to  which 
about  one-half  of  its  bulk  of  water  has  been  added. 

Place  some  copper  turnings  in  a  small  flask,  and  fit  it  with  a 
rubber  cork  and  delivery  tube,  so  that  the  gas  can  be  collected 
over  water.1  Arrange  the  apparatus  so  that  the  end  of  the 
delivery  tube  will  come  about  half  an  inch  below  the  surface  of 
the  water  in  a  basin.  Fill  a  test-tube  with  water,  close  it  with 
the  thumb,  and  invert  over  the  basin  of  water,  removing  the 

1  Any  other  gas  insoluble  in  water  may  be  collected  in  this  way. 
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thumb  when  the  mouth  of  the   test-tube  is  below  the  surface, 
so  that  the  tube  will  remain  full  of  water. 

When  these  arrangements  have  been  made,  add  a  few  c.c.  of 
nitric  acid  to  the  copper  turnings,  insert  the  cork,  and  allow 
the  action  to  proceed  for  a  few  minutes  without  collecting  the 
gas.  When  the  action  has  proceeded  long  enough  for  the  nitric 
oxide  to  expel  the  air  which  originally  filled  the  test-tube,  the 
inverted  test-tube  (still  full  of  water)  should  be  brought  over 
the  mouth  of  the  delivery  tube.  The  bubbles  of  nitric  oxide 
will  then  be  caught  in  the  test-tube. 

Experiments.  —  Fill  two  or  three  test-tubes  with  nitric 
oxide  in  this  manner,  and  then  try  the  following 
experiments  :  — 

(1)  Remove  a  tube  of  the  gas  from  the  water,  and  leave 
the  end  open  to  the  air.  Reddish-brown  fumes  are 
at  once  formed.  This  brown  gas  is  nitrogen  peroxide, 
formed  by  combination  of  nitric  oxide  with  oxygen 
from  the  air. 

=  2NO. 


(2)  Close  the  end  of  a  tube  full  of  nitric  oxide  with  the 
thumb  before  removing  the  end  from  the  water. 
Hold  the  tube  in  a  convenient  position,  remove  the 
thumb,  and  at  once  plunge  a  lighted  taper  or  burning 
splint  into  the  gas.  The  flame  will  be  extinguished. 
Nitric  oxide,  although  it  contains  relatively  more 
oxygen  than  nitrous  oxide,  is  a  much  poorer  sup- 
porter of  combustion. 

Nitric  oxide  is  very  readily  distinguished  from  all  other  gases, 
since  it  gives  a  brown  gas  when  mixed  with  air,  though  it  is 
itself  colourless. 


NITROGEN   PEROXIDE,  NO2  or  N2O4. 

Nitrogen  peroxide  is  a  dark  brown  gas  with  a  pungent 
odour.  It  may  be  prepared  by  heating  a  nitrate  of  a  heavy 
metal.  It  is  formed  also  by  the  combination  of  nitric  oxide  and 
oxygen. 

Preparation.  —  In  a  hard-glass  test-tube  heat  a  little 
powdered  lead  nitrate.  The  crackling  or  "decrepitation," 
which  occurs  on  account  of  the  crystals  breaking  up  under  the 
influence  of  heat,  is  not  connected  with  the  chemical  decom- 
position which  takes  place  on  stronger  heating. 

2Pb(N03)2  =  2PbO  +  4N  02  +  02. 
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The  gas  obtained  in  this  way  is  a  mixture  of  nitrogen  peroxide 
and  oxygen,  and  is  therefore  not  suitable  for  studying  the 
properties  of  the  pure  gas.  The  above  experiment  illustrates 
the  decomposition  which  occurs  when  a  nitrate  of  a  heavy 
metal  is  heated.  Ammonium  nitrate  decomposes  in  an 
altogether  different  manner  (see  under  Nitrous  Oxide). 

Experiments. — The  gas  prepared  by  heating  lead  nitrate 
may  be  used  to  verify  the  following  properties  : — 

(1)  Nitrogen  peroxide  is  a  dark  brown  gas  with  a  pungent 

odour. 

(2)  It  does  not  burn.     It  is  a  feeble  supporter  of  combustion., 

as  is  shown  by  plunging  a  glowing  splint  into  this 
mixture  of  nitrogen  peroxide  and  oxygen ;  the  com- 
bustion in  this  mixture  is  little  more  vigorous  than 
in  air. 

(3)  Starch   and    potassium   iodide    test-paper    turns    blue, 

showing  that  iodine  is  liberated ;  this  is  a  test  for  an 
oxidising  gas  (see  p.  161). 

(4)  Pass  the  gas  through  water  and  then  try  the  reaction 

towards  litmus ;  it  will  be  found  that  an  acid  is 
present.  With  cold  water  the  main  reaction  is  as  shown 
by  the  following  equation: — 

2N02  +  H20  =  HN02  +  HN03, 

but  there  is  also  a  portion  decomposed  according  to  the 
equation : — 

3N02  +  H20  =  2HN03  +  NO. 

The  nitric  oxide  on  escaping  into  the  atmosphere 
combines  with  oxygen  and  gives  brown  fumes  of 
nitrogen  peroxide. 

(5)  Nitrogen  peroxide  is  the  only  common  gas  which  gives 

the  reactions  of  both  an  oxidising  and  a  reducing 
substance.  Its  oxidising  power  is  shown  by  the 
liberation  of  iodine  from  potassium  iodide,  whilst  its 
reducing  action  is  exhibited  by  its  action  on  ferric 
ferricyanide.  Try  this  test  with  ferric  ferricyanide. 


SULPHUR. 

Sulphur  is  a  yellow  solid,  which  is  insoluble  in  water  and 
most  other  common  solvents.  It  dissolves  in  carbon  disulphide, 
and  crystallises  from  this  solution  in  amber-coloured  rhombic 
crystals.  It  slowly  dissolves  on  b< tiling  with  concentrated 
nitric  acid,  being  oxidised  to  sulphuric  acid. 
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Sulphur  burns  in  the  air,  and  yields  sulphur  dioxide,  which 
may  be  recognised  by  its  characteristic  odour  and  reducing 
action  on  ferric  ferricyanide  paper  and  on  potassium  perman- 
ganate (see  under  Sulphur  Dioxide). 

Experiment. — Fill  a  test-tube  about  an  inch  deep  with 
powdered  sulphur,  and  heat  gently.  Notice  the  following 
changes  : — 

The  sulphur  melts  to  a  pale  yellow  liquid. 

As  the  heating  is  continued,  the  liquid  becomes  steadily 
darker  in  colour  and  at  the  same  time  it  becomes  more 
viscous  until  at  one  stage  it  is  possible  to  invert  the 
test-tube  without  the  liquid  running  out. 

After  this  stage  the  liquid  again  becomes  mobile,  and  finally 
boils.  The  vapour  has  a  red-brown  colour,  and  con- 
denses again  in  the  upper  part  of  the  tube. 

Pour  the  boiling  sulphur  into  a  basinful  of  cold  water,  and 
examine  the  product  (plastic  sulphur). 

Three  varieties  of  sulphur  may  be  obtained  by  different 
methods  of  cooling  sulphur  (read  about  the  allotropic  modifi- 
cations of  sulphur  in  a  text-book). 

Plastic  sulphur  may  be  obtained  by  pouring  boiling 
sulphur  in  a  thin  stream  into  cold  water.  It  becomes  crystal- 
line in  a  few  hours. 

Monoclinic.  sulphur  may  be  obtained  as  long  needle- 
shaped  crystals,  by  cooling  some  melted  sulphur  in  a  basin 
until  a  crust  forms  on  the  surface,  and  pouring  off  the  liquid 
from  the  interior  through  a  hole  broken  in  the  crust.  The 
interior  will  be  found  to  be  lined  with  crystals  of  monoclinic 
sulphur.  These  change  in  the  course  of  some  days  to  the 
ordinary  rhombic  form.  Monoclinic  sulphur  is  darker  in  colour 
than  rhombic  sulphur. 

Rhombic  sulphur  is  the  only  form  which  is  stable  at 
ordinary  temperatures,  and  roll  sulphur  is  therefore  composed 
of  rhombic  sulphur. 

Experiment. — It  may  be  obtained  as  well-formed  crystals 
by  crystallisation  from  carbon  disulphide.  Dissolve  a 
little  powdered  sulphur  in  about  1  c.c.  of  carbon 
disulphide,  pour  the  solution  on  to  a  watch-glass,  and 
leave  it  in  a  draught  cupboard  until  the  carbon 
disulphide  has  evaporated. 

Caution.- — Carbon  disulphide  vapour  is  very  inflammable, 
and  must  not  be  brought  into  the  neighbourhood  of  a  flame, 
and  it  is  inadvisable  to  carry  out  the  above  experiment  if  a 
draught-cupboard  is  not  available. 

C 
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IODINE!. 

Iodine  is  a  black  solid  which  is  almost  insoluble  in  water. 
It  is  usually  met  with  as  shining  scales  which  show  a  purple 
lustre. 

Experiments. — (1)  Heated  alone  in  a  tube,  iodine  melts 
at  a  low  temperature,  and  gives  a  characteristic  violet  vapour. 
The  iodine  condenses  again  in  the  upper  cool  part  of  the  tube 
as  black  scales. 

(2)  Starch  paper  turns  blue  when  acted  on  by  iodine  vapour, 
or  when  dipped  into  a  solution  containing  free  iodine.     When 
applying  this  test,  the  moistened  starch  paper  should  be  plunged 
quickly  in  and  out  of  the  vapour  as  otherwise  it  may  become 
completely  covered  with  a  layer  of  condensed  iodine,  which  will 
hide  the  blue  colour. 

(3)  Potassium   iodide   solution   dissolves  iodine,  forming    a 
brown  solution. 

(4)  Carbon  disulphide  dissolves  iodine  readily,  the  solution 
being  violet  in  colour. 

CARBON. 

Carbon  is  met  with  in  three  allotropic  modifications,  namely, 
as  diamond,  graphite,  and  amorphous  carbon. 

Diamond  is  distinguished  by  its  crystalline  form,  trans- 
parency, and  extreme  hardness. 

Graphite  occurs  in  nature  as  a  soft,  black,  crystalline 
mineral.  Heated  on  platinum  foil  in  the  oxidising  tip  of  the 
Bunsen  flame,  it  burns  away  very  slowly,  yielding  carbon  di- 
oxide. 

Amorphous  carbon  is  the  main  constituent  of  several 
well-known  substances.  Charcoal,  coke,  and  lamp-black  are 
all  more  or  less  impure  amorphous  carbon. 

Experiments. — Heat  small  portions  of  graphite  and  char- 
coal on  platinum  foil  in  the  oxidising  tip  of  the  Bunsen 
flame,  and  note  that  charcoal  burns  much  quicker  than 
does  graphite  under  the  same  conditions. 

All  forms  of  carbon  are  unattacked  by  common  reagents. 
Carbon  in  all  forms  is  infusible  even  at  the  highest  attainable 
temperature,  but  in  presence  of  oxygen  all  three  varieties  burn, 
and  yield  carbon  dioxide. 


NEUTRALISATION  AND  SALT 
FORMATION. 

The  general  case  of  the  interaction  of  an  acid  and  an  alkali 
may  be  given  in  the  form  of  an  equation  : — 

(An  acid)    +    (An  alkali)    ==    (A  salt)    +    (Water). 

The  preparation  of  potassium  nitrate  and  sodium  chloride  may 
be  described  in  some  detail  as  typical  examples.  For  the 
first  action,  the  equation  becomes — 

(Nitric  acid) +  ( Potassium  hydroxide)  =  (Potassium  nitrate)  +  (Water) 
or     HNO3    +  KOH  KNO3          +   H2O. 

The  practical  details  of  the  process  are  given  below. 


POTASSIUM   NITRATE. 

Experiment. —  Prepare  a  pure  specimen  of  potassium 
nitrate  crystals  from  the  solutions  of  dilute  nitric  acid  and 
potassium  hydroxide  provided. 

Take  about  20  c.c.  of  dilute  nitric  acid  in  a  porcelain  basin, 
and  add  potassium  hydroxide  solution  until  neutral.  It  is 
convenient  to  run  in  the  potassium  hydroxide  from  a  burette 
which  is  fixed  in  a  stand. 

The  potassium  hydroxide  should  be  added  in  small  portions, 
the  mixture  well  stirred  after  each  addition  with  a  glass  rod 
(not  a  tube),  and  the  reaction  towards  litmus  tested  each  time 
after  stirring.  Litmus  paper  or  solution  should  not  be  added 
to  the  solution,  since  this  would  give  a  dirty  product.  Blue 
litmus  paper  should  be  torn  into  tiny  scraps,  and  a  dozen  or 
more  of  these  placed  on  a  filter  paper  beside  the  basin.  The 
reaction  can  then  be  tested  by  touching  a  fresh  piece 
of  litmus  paper  with  the  end  of  the  glass  rod.  The  reaction 
at  first  will  be  acid  (i.e.,  the  litmus  will  turn  red),  and 
will  remain  acid  until  sufficient  potassium  hydroxide  has  been 
added  to  neutralise  all  the  nitric  acid.  At  this  point  the 
solution  will  contain  potassium  nitrate  only,  and  the  reaction 
will  be  neutral. 

If  too  much  potassium  hydroxide  has  been  added,  the 
reaction  will  be  alkaline  on  account  of  the  free  potassium 
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hydroxide.  In  practice  it  is  not  easy  to  add  the  exact  amount 
of  potassium  hydroxide,  and  probably  a  slight  excess  will  be 
added,  so  that  the  reaction  becomes  alkaline.  If  this  happens, 
add,  drop  by  drop,  a  solution  of  nitric  acid,  diluted  with  con- 
siderable water,  until  the  exact  neutral  point  is  reached.  The 
solution  will  then  contain  potassium  nitrate  mixed  with  any 
impurities  which  were  present  in  the  potassium  hydroxide  or 
nitric  acid.  Filter  in  order  to  remove  any  solid  impurities. 

Concentrate  the  solution  by  evaporation,  so  that  the 
potassium  nitrate  will  crystallise  out  on  cooling.  Any  small 
amount  of  impurities  will  remain  in  solution,  and  crystals  of 
the  pure  salt  will  be  obtained.  Remove  the  crystals  from  the 
mother  liquor,  and  dry  them  on  filter  paper.  Care  should 
always  be  taken  to  obtain  a  dry  sample  which  shows  the 
characteristic  form  of  the  crystals.  It  is  not  easy  to  remove 
and  dry  the  crystals  without  breaking  them,  but  it  is  a  useful 
exercise  in  manipulation.  Dissolve  a  crystal  in  water,  and  try 
the  reaction  towards  litmus.  It  should  be  neutral. 

Note. — Sodium  nitrate  may  be  prepared  exactly  as  described 
above  except  that  sodium  hydroxide  is  used  instead  of 
potassium  hydroxide. 


SODIUM   CHLORIDE. 

Experiment. — Prepare  a  pure  crystalline  specimen  of 
sodium  chloride  from  the  bench  solutions  of  sodium  hydroxide, 
and  dilute  hydrochloric  acid. 

Pour  a  test-tubeful  of  the  bench  sodium  hydroxide  into  a 
porcelain  basin,  and  run  in  dilute  hydrochloric  acid  from  a 
burette  until  neutral.  The  details  of  the  process  of  neutralisa- 
tion have  been  given  above,  in  the  preparation  of  potassium 
nitrate. 

NaOH  +  HC1  =  NaCl  +  H2O. 

Evaporate  the  solution  until  crystals  begin  to  appear  as  a  scum  on 
the  surface  of  the  liquid,  and  set  the  solution  aside  to  crystallise. 
Salt  is  almost  as  soluble  in  cold  water  as  it  is  in  hot  water,  and 
there  will  therefore  be  only  a  small  yield  of  crystals.  The 
yield  may  be  increased  by  keeping  the  solution  for  a  few  days, 
since  more  salt  is  deposited  as  the  water  evaporates.  The 
vessel  should  be  covered  with  a  piece  of  filter  paper  as  a 
protection  against  dust.  It  must  not  be  covered  with  any 
glass  or  porcelain  vessel,  as  this  would  prevent  evaporation. 
Filter,  and  dry  the  crystals  in  the  usual  manner. 


Preparation  of  Simple  Salts  37 


LEAD    CHLORIDE. 

Experiment. — Prepare  a  pure  crystalline  specimen  of  lead 
chloride  from  lead  monoxide  and  dilute  hydrochloric  acid. 

The  preparation  of  lead  chloride  from  lead  monoxide 
(litharge)  and  hydrochloric  acid  is  similar  in  principle  to  the 
preparation  of  potassium  nitrate,  but  the  details  of  the  method 
must  be  varied,  since  lead  oxide  is  insoluble. 

PbO  +  2HC1  -  PbCl2  +  H2O. 

Heat  about  20  c.c.  of  dilute  hydrochloric  acid  in  a  porcelain 
basin  until  it  begins  to  boil.  Add  lead  oxide  in  small 
quantities  at  a  time  until  no  more  will  dissolve.  If  any  lead 
chloride  separates  as  a  white  solid,  more  water  must  be 
added  and  the  mixture  heated  to  dissolve  it.  Filter  the  hot 
solution  from  the  excess  of  lead  oxide,  and  cool  the  filtrate 
as  slowly  as  possible.  Lead  chloride  separates  as  fine  needle- 
shaped  crystals.  Filter,  and  dry  the  crystals. 


COPPER   SULPHATE. 

Exercise. — Prepare  a  pure  crystalline  specimen  of  copper 
sulphate  from  copper  oxide  and  dilute  sulphuric  acid. 

Heat  20  c.c.  of  dilute  sulphuric  acid  in  a  porcelain  basin, 
and  add  copper  oxide  until  no  more  will  dissolve.  Ordinary 
black  copper  oxide  often  contains  some  red  cuprous  oxide  as 
impurity,  and  this  does  not  dissolve.  In  this  case  the  copper 
oxide  must  be  added  until  some  of  the  black  oxide  is  left  in  the 
undissolved  residue.  Filter,  and  crystallise  out  the  copper 
sulphate.  Care  in  the  process  of  crystallisation  is  well  repaid, 
as  this  salt  forms  large  and  well-shaped  blue  crystals.  Pour  off 
the  mother  liquor  and  dry  the  crystals  on  filter  paper.  The 
crystals  contain  water  of  crystallisation,  and  have  the  composi- 
tion CuSO4,  5H9O.  This  substance  is  known  as  blue  vitriol,  and 
is  a  pharmacopoeial  preparation. 

CuO  +  H2SO4  =  CuSO4  +  H2O. 

The  equation  is  usually  written  as  shown  above,  though  the 
crystals  which  separate  have  the  formula  CuSO4,  5H2O.  It 
must  be  remembered  that  the  sulphuric  acid  used  was  really  a 
solution  of  H0SO4  in  water,  and  plenty  of  water  is  therefore 
available  for  the  water  of  crystallisation.  Equations  are  apt  to 
become  cumbrous  if  water  of  crystallisation  is  always  inserted, 
so  it  is  usually  omitted. 
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Note  on  the  Formation  of  Basic  Salts. 

It  occasionally  happens  that  the  filtrate  obtained  during  one 
of  these  preparations  is  not  clear,  but  contains  finely  divided 
particles  which  are  too  small  to  be  retained  by  the  filter  paper. 
These  are  usually  particles  of  some  basic  salt. 

With  a  dibasic  acid  such  as  sulphuric  acid,  two  salts  are 
possible,  such  as  K2SO4  and  KHSO4.  Similarly  from  lead 
hydroxide,  Pb(OH)2,  two  chlorides  might  be  obtained,  ordinary 
lead  chloride,  PbCl2,  and  a  basic  salt,  Pb(OH)Cl. 

Most  basic  salts  are  insoluble.  When  formed  by  boiling 
together  a  salt  and  an  oxide,  they  are  usually  very  finely 
divided. 

PbCL,  +  H2O  +  PbO  =  2Pb(OH)Cl. 

Basic  salts  may  be  brought  into  solution  by  addition  of 
a  drop  or  two  of  the  appropriate  acid,  when  the  normal  (and 
soluble)  salt  is  formed. 


PREPARATION  OF  SALTS  BY  DOUBLE 
DECOMPOSITION. 

When  two  substances  interact  to  yield  two  new  substances 
by  interchange  of  positive  and  negative  radicals,  the  chemical 
action  is  called  double  decomposition.  For  any  pair  of  salts 
an  equation  may  be  written  to  express  the  possible  result  of 
double  decomposition,  but  the  chemical  action  expressed  by  this 
equation  may  not  occur  in  practice.  The  chemical  action 
expressed  by  the  equation  will  occur  when  by  the  interchange 
of  radicals  — 

(1)  water  is  formed,  as  in  the  neutralisation  of  an  acid  and 

alkali  ; 

(2)  an  insoluble  substance  is  formed  ;  J  or 

(3)  a  volatile  substance  is  formed. 

The  conditions  under  which  the  experiment  is  performed 
are  often  of  great  importance.  For  example,  if  aqueous 
solutions  of  lead  chloride  and  hydrogen  sulphide  are  mixed, 
insoluble  lead  sulphide  is  precipitated  according  to  the 
equation  — 


1  If  one  of  the  reacting  substances  is  an  acid  and  the  equation  shows 
that  a  much  stronger  acid  would  be  one  of  the  products,  the  reaction  may 
not  occur.  (Consult  a  theoretical  text-book  on  this  subject.) 
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On  the  other  hand,  if  lead  sulphide  is  boiled  with  concentrated 
hydrochloric  acid,  the  action  which  occurs  is  exactly  the  reverse 
of  that  shown  in  the  above  equation,  since  under  these  con- 
ditions the  hydrogen  sulphide  is  volatile  and  passes  out  of 
the  solution  as  gas. 

PbS  +  2HC1  =  PbCl,  +  H2S. 

Most  of  the  preparations  described  in  this  book  are  examples 
of  reactions  involving  double  decomposition  : — 

(1)  Reactions  in  which  water  is  one  of  the  products. 
When  an  acid  interacts  with  a  base,  a  salt  and  water  are 

formed.  Examples  of  this  type  are  the  preparation  of  Potassium 
Nitrate  and  Sodium  Chloride. 

(2)  Reactions    in    which    one    of    the    products   is 

insoluble. 

The  preparation  of  potassium  nitrate  from  potassium  sulphate 
is  a  typical  example  of  this  type. 

K2SO4  +  Ba(NO3)2  =  BaSO4  +  2KNO3. 

The  same  reaction  may  be  used  for  the  preparation  of  insoluble 
barium  sulphate.  The  preparation  of  insoluble  substances  may 
be  performed  so  quickly  that  qualitative  analysis  (see  last 
section  of  book)  is  based  mainly  on  the  preparation  and 
recognition  of  insoluble  salts. 

(3)  Reactions    in    which    one    of    the    products    is 

volatile. 

The  preparation  of  hydrochloric  acid  is  one  example  of  this 
type  of  reaction.  Salts  are  also  prepared  by  reactions  of  this 
type,  e.g.,  lead  chloride  from  lead  sulphide.  In  these  reactions 
the  mixture  is  usually  heated  to  facilitate  the  expulsion  of  the 
volatile  product. 

A  common  method  for  the  preparation  of  salts  is  to  act  on 
a  carbonate  with  an  acid.  Thus  sodium  sulphate  may  be 
prepared  by  the  interaction  of  sodium  carbonate  and  dilute 
sulphuric  acid.  The  carbonic  acid  formed  by  double  decom- 
position splits  up  into  carbon  dioxide  and  water.  As  the  carbon 
dioxide  passes  off  as  gas,  the  reaction  proceeds  as  shown  by  the 
equation — 

•  Na2CO3  +  H.2SO4  =  Na2SO4  +  H,O  +  CO2. 


BARIUM   SULPHATE, 

Barium  sulphate  is  insoluble,  and  may  therefore  be  prepared 
by  mixing  solutions  of  any  soluble  sulphate  with  any  soluble 
barium  salt.  The  method  of  preparation  from  potassium 


40  Preparation  of  Simple  Salts 

sulphate  and  barium  nitrate  may  be  described  as  being 
typical. 

Exercise. — To  a  hot  solution  of  barium  nitrate,  add  slowly 
a  hot  solution  of  potassium  sulphate  until  precipitation  is 
complete  (see  next  preparation). 

Ba(NO3).2  +  K2SO4  =  BaSO4  +  2KNO3. 

Filter  the  insoluble  barium  sulphate  from  the  hot  solution  and 
wash  thoroughly  with  water  to  remove  the  soluble  salts. 
Remove  to  a  porcelain  basin  and  dry  by  gently  warming. 

The  reason  for  heating  the  solutions  before  mixing  is  that 
the  precipitate  obtained  is  more  readily  filtered  than  when  cold 
solutions  are  mixed. 

The  same  reaction  may  be  utilised  for  the  preparation  of 
potassium  nitrate  from  potassium  sulphate  (see  below). 


POTASSIUM    NITRATE 
(From  Potassium  Sulphate.) 

Exercise. — If  solutions  of  potassium  sulphate  and  barium 
nitrate  are  mixed  in  exactly  molecular  proportions,  the  filtrate, 
after  removal  of  the  barium  sulphate,  will  contain  nothing  but 
potassium  nitrate. 

K2S04  +  Ba(N03)2  =  BaS04  +  2KNO3. 

For  the  preparation  of  barium  sulphate,  jt  is  immaterial  if 
a  little  too  much  of  one  substance  is  taken ;  but  if  it  is  desired 
to  prepare  potassium  nitrate,  any  excess  of  either  potassium 
sulphate  or  barium  nitrate  would  remain  in  the  solution  and 
render  the  potassium  nitrate  impure.  The  potassium  sulphate 
must  therefore  be  added  in  small  portions  to  the  barium 
nitrate  solution,  and  the  precipitate  allowed  to  settle  after  each 
portion  is  added.  (The  precipitate  settles  more  quickly  if  the 
mixture  is  boiled  for  a  minute  and  then  allowed  to  cool  some- 
what.) When  addition  of  potassium  sulphate  produces  no 
precipitate  in  the  clear  supernatant  liquid,  all  the  barium  has 
been  precipitated,  and  no  more  potassium  sulphate  should  be 
added. 

Filter  from  the  insoluble  barium  sulphate  and  crystallise 
out  the  potassium  nitrate  in  the  usual  manner. 


LEAD    CHLORIDE. 
(Prom  Lead  Sulphide.) 

Exercise. — Prepare    a   pure  crystalline   specimen  of  lead 
chloride  from  lead  sulphide. 
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Warm  together  in  a  test-tube  a  few  grammes  of  lead  sulphide 
(if  galena,  the  native  sulphide,  is  used,  it  should  be  finely 
powdered)  and  about  10  c.c.  of  concentrated  hydrochloric  acid. 
The  lead  sulphide  slowly  dissolves  with  formation  of  lead 
chloride  and  evolution  of  hydrogen  sulphide. 

PbS  +  2HC1  =  PbCl2  +  H2S. 

When  sufficient  has  dissolved,  filter  the  hot  solution.  Fine 
needle-shaped  crystals  of  lead  chloride  separate  as  the  solution 
cools. 


LEAD    CHLORIDE. 
(Prom  Lead  Carbonate.) 

Exercise. — Prepare  a  pure  crystalline  specimen  of  lead 
chloride  from  lead  carbonate. 

The  details  of  the  preparation  of  lead  chloride  from  lead 
carbonate  are  exactly  the  same  as  when  lead  oxide  serves  as 
the  starting  point. 

PbCO3  +  2HC1  =  PbCl2  +  H2O  +  CO2. 

The  carbon  dioxide  formed  at  the  same  time  is  driven  off 
as  a  gas,  and  does  not  necessitate  any  alteration  in  the  method 
of  preparation. 

BARIUM   NITRATE. 

Exercise. — Prepare  a  pure  crystalline  specimen  of  barium 
nitrate  from  barium  carbonate. 

Barium  nitrate  may  be  prepared  by  neutralisation  of  nitric 
acid  with  barium  carbonate. 

2  HNO3  +  BaCO3  =  Ba(NO3)2  +  H2O  +  CO2. 

Barium  carbonate  is  insoluble,  so  the  method  adopted  is 
the  same  as  was  used  in  the  preparation  of  lead  chloride. 
Add  excess  of  barium  carbonate  to  about  20  c.c.  of  hot  dilute 
nitric  acid,  filter,  and  crystallise  out  the  barium  nitrate. 


BARIUM   CHLORIDE. 

Barium  chloride  may  be  prepared  in  an  exactly  similar 
manner  to  the  above,  with  substitution  of  hydrochloric  acid 
for  nitric  acid. 

2HC1  +  BaCO3  =  BaC]2  +  H2O  +  CO,. 

The  crystals  which  separate  have  the  composition  shown  by 
the  formula,  BaCl2,  2H2O. 
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COPPER    SULPHATE. 
(From  Copper  Carbonate.) 

The  method  of  preparation  of  copper  sulphate  from  the 
carbonate  is  the  same  as  when  the  oxide  serves  as  the  starting 
point  (read  the  details  given  on  p.  37). 

Warm  20  c.c.  of  dilute  sulphuric  acid  in  a  basin,  and  add 
copper  carbonate  in  small  quantities  at  a  time  until  no  more 
will  dissolve.  Filter,  concentrate  the  solution  if  necessary,  and 
crystallise  out  the  salt. 

CuC03  +  H2S04  =  CuSO4  +  H2O  +  CO2. 


PREPARATION   OF   THE   NORMAL   AND   ACID 
SALTS   OF   A   DIBASIC   ACID. 

NORMAL  AND    ACID  POTASSIUM   SULPHATES. 

Normal  potassium  sulphate,  K2SO4,  may  be  prepared  by 
neutralisation  of  sulphuric  acid  with  potassium  hydroxide  or 
carbonate. 

Exercise. — Take  about  25  c.c.  of  dilute  sulphuric  acid,  and 
follow  the  same  procedure  as  was  used  in  the  preparation 
of  potassium  nitrate  (page  35). 

H2SO4  +  2KOH  =  K2SO4  +  2H2O. 

Crystallise  out  the  salt,  dry  it  on  filter  paper,  and  keep 
a  specimen  for  comparison  with  acid  potassium  sul- 
phate. Dissolve  a  crystal  in  a  few  drops  of  water,  and 
note  the  reaction  towards  litmus  paper. 

Acid  potassium  sulphate,  also  known  as  potassium  bi- 
sulphate  or  potassium  hydrogen  sulphate,  KHSO4,  is  the  salt 
obtained  when  half  the  hydrogen  in  sulphuric  acid  is  replaced 
by  potassium. 

Exercise. — Exactly  neutralise  10  c.c.  of  bench  dilute 
sulphuric  acid  with  potassium  hydroxide  solution. 

H2S04  +  2KOH  -  K2S04  +  2H2O. 

To  this  solution  of  normal  potassium  sulphate  add  a 
further  10  c.c.  of  the  same  dilute  sulphuric  acid. 

K2SO4  +  H2SO4  =  2KHSO4. 
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Evaporate  if  necessary,  and  crystallise  out  the  acid 
potassium  sulphate.  Dry  on  filter  paper,  and  compare 
the  crystals  with  the  normal  sulphate.  Try  the 
reaction  towards  litmus. 

Note. — The  corresponding  sodium  salts  may  be  prepared  by 
using  sodium  hydroxide  instead  of  potassium  hydroxide. 

NORMAL   AND    ACID   POTASSIUM   OXALATBS. 

Oxalates. — Oxalic  acid  is  a  dibasic  acid  with  the  formula 
(CO OH).,,  and  forms  two  potassium  salts — normal  potassium 
oxalate,  K9C9O4,  and  acid  potassium  oxalate,  KHC2O4. 

Normal  potassium  oxalate  may  be  prepared  from  oxalic 
acid  (dissolved  in  water)  by  neutralisation  with  potassium 
hydroxide. 

(COOH)2  +  2KOH  =  (COOK)2  +  2H2O. 

It  separates  as  colourless  crystals  containing  a  molecule  of  water 
of  crystallisation. 

It  may  be  prepared  also  by  neutralisation  of  oxalic  acid 
with  potassium  carbonate. 

Acid  potassium  oxalate,  KHC2O4,  may  be  regarded  as 

oxalic   acid    with    half  the    hydrogen   replaced    by  potassium. 

In  the  normal  salt  all  the  hydrogen  is  replaced  by  potassium. 

The   acid  salt   is   used  under  the  name   of  salts  of  sorrel   for 

various  household  purposes,  such  as  the  removal  of  ink-stains. 

Exercise. — Dissolve  about   10  grins,  of  oxalic  acid  in  50 

c.c.    of   water,    and    divide    into    two    equal    portions. 

Neutralise     one     portion    by    addition    of    potassium 

hydroxide  solution,  thus  forming   the  normal   salt   in 

this  portion. 

(COOH)2  +  2KOH  =  K2C2O4  +  2H2O. 

To  this  solution  add  the  second  portion  of  the  oxalic 
acid  solution. 

(COOH)2  +  (COOK)2  =  2KHC204. 

Acid  potassium  oxalate  separates  as  transparent 
crystals,  which  are  sparingly  soluble  in  cold  water. 

POTASSIUM  HYDROGEN  TARTRATE,  Cream  of  Tartar. 

Acid  potassium  tartrate  or  cream  of  tartar  forms  a  white 
crystalline  powder,  which  is  used  medicinally.  It  is  used  also 
in  the  preparation  of  Tartar  Emetic. 

Tartaric  acid  is  a  dibasic  acid,  and  the  acid  salt  is  therefore 
made  in  a  similar  manner  to  the  other  acid  salts  which  have 
been  described. 
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Exercise.— Dissolve  10  grms.  of  tartaric  acid  in  about  50 
c.c.  of  warm  water,  and  divide  this  solution  into  two 
equal  portions.  Heat  the  solution  and  neutralise  one 
portion  with  potassium  hydroxide  or  potassium 
carbonate. 

COOH.CHOH.CHOH.COOH  +  2KOH 
=  COOK.  CHOH.CHOH.  COOK  +  2H2O. 

If  any  precipitate  forms,  heat  the  solution  and  add 
sufficient  water  to  dissolve  the  precipitate.  To  this 
solution  of  normal  potassium  tartrate,  add  the  second 
half  of  the  tartaric  acid  solution. 

COOK  .  CHOH  .  CHOH  .  COOK 

(Potassium  tartrate.) 

+  COOH .  CHOH  .  CHOH  .  COOH 

(Tartaric  acid.) 

=  2COOK .  CHOH .  CHOH  .  COOH. 

(Potassium  hydrogen  tartrate.) 

Recrystallise  the  potassium  hydrogen  tartrate  by  dissolving 
in  hot  water  and  allowing  to  cool  slowly.  Dry  on  filter 
paper.  Try  the  reaction  towards  litmus. 


PREPARATION   OF   SALTS    BY   INTERACTION    OF 
METAL   AND    ACID. 

This  is  another  general  method  for  the  preparation  of  salts. 
A  metal,  such  as  zinc,  acted  on  by  an  acid,  such  as  hydro- 
chloric acid,  gives  a  salt  and  hydrogen. 

ZnCl+H. 


In  some  cases,  however,  the  action  is  less  simple,  particularly 
when  the  acid  is  also  an  oxidising  agent,  as  in  the  case  of 
concentrated  sulphuric  acid  or  nitric  acid.  For  example,  zinc 
and  dilute  sulphuric  acid  yield  zinc  sulphate  and  hydrogen 
in  the  ordinary  manner. 


Zinc  and  concentrated  sulphuric  acid  yield,  however, 
different  products.  The  main  reaction  is  as  follows  :  — 

Zn  +  2H2SO4  =  ZnSO4  +  2H2O  +  SO2. 

Possibly  the  first  tendency  of  the  reaction  is  to  yield 
hydrogen,  but  in  presence  of  a  reducible  material  like 
sulphuric  acid  a  further  reaction  takes  place. 
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In  a  similar  manner,  the  action  of  nitric  acid  on  metals 
results  in  the  formation  of  a  nitrate  of  the  metal,  and  liberation 
of  oxides  of  nitrogen,  without  any  hydrogen  being  set  free. 
Some  typical  examples  of  the  preparation  of  salts  from  metals 
and  acids  are  given  below. 


ZINC   SULPHATE. 

Exercise. — Prepare  a  pure  specimen  of  crystalline  zinc 
sulphate  from  metallic  zinc  and  dilute  sulphuric  acid. 

To  about  25  c.c.  of  dilute  sulphuric  acid,  add  some  granu- 
lated zinc,  and  warm  until  there  is  a  brisk  evolution  of 
hydrogen.  (Granulated  zinc  is  prepared  by  pouring  the 
molten  metal  into  water,  and  is  preferable  to  rods  of  the  metal 
for  this  experiment,  because  it  offers  a  larger  surface  to  be 
acted  on  by  the  acid.) 

Warm  gently  whenever  the  action  slackens  until  there  is 
very  little  hydrogen  evolved.  (If  the  solution  is  heated  to  the 
boiling-point,  bubbles  of  steam  are  given  off.  The  evolution 
of  steam  ceases  as  soon  as  the  heating  is  discontinued.)  When 
all  the  sulphuric  acid  has  interacted  with  zinc,  there  should 
still  be  some  zinc  undissolved,  and  more  zinc  must  be  added 
if  all  of  the  first  supply  has  dissolved.  There  will  therefore  be 
a  residue  of  undissolved  zinc,  together  with  carbon  and  other 
impurities  from  the  zinc  which  has  dissolved.  Filter  off  this 
residue  and  crystallise  out  the  zinc  sulphate.  Zinc  sulphate 
is  very  soluble  even  in  cold  water,  and  the  solution  should 
therefore  be  evaporated  to  a  small  bulk.  It  shows  considerable 
tendency  to  form  supersaturated  solutions,  and  shaking  or 
scratching  may  be  necessary  to  start  the  separation  of  crystals. 
The  salt  which  separates  contains  water  of  crystallisation,  and 
has  the  formula  ZnSO4,  7H2O. 


LEAD    NITRATE. 
(From  Lead  and  Nitric  Acid.) 

Exercise. — Prepare  a  pure  specimen  of  crystalline  lead 
nitrate  from  metallic  lead  and  nitric  acid. 

To  a  few  pieces  of  granulated  lead,  add  about  25  c.c.  of 
nitric  acid  (the  bench  nitric  acid  is  too  dilute  for  this  experi- 
ment, and  a  solution  of  one  part  concentrated  nitric  acid  to  two 
parts  water  should  be  used)..  Heat  until  the  evolution  of  nitric 
oxide  slackens,  filter,  and  crystallise  out  the  lead  nitrate. 

3Pb  +  8HNO3  =  3Pb(NO3)2  +  4H2O  +  2NO. 
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The  gas  which  is  evolved  is  mainly  nitric  oxide,  which  is 
colourless  (see  p.  30),  but  combines  with  atmospheric  oxygen 
to  yield  nitrogen  peroxide,  which  is  a  red-brown  gas. 

Lead  nitrate  is  very  soluble,  and  considerable  evaporation 
is  necessary  before  crystals  will  separate.  It  tends  to  form 
supersaturated  solutions,  and  may  therefore  not  crystallise  until 
stirred  or  shaken. 


COPPER   NITRATE. 
(From  Copper  and  Nitric  Acid.) 

The  preparation  of  copper  nitrate  has  already  been  described 
under  the  preparation  of  nitric  oxide  (page  30). 

The  salt  may  be  obtained  from  the  solution  by  filtering 
off  the  undissolved  copper,  and  evaporation.  Copper  nitrate 
crystallises  as  a  hydrate,  Cu(NO3)2,  6H2O.  It  is  so  soluble  and 
deliquescent  that  it  is  necessary  to  evaporate  until  the  liquid 
is  viscous  (like  treacle),  if  crystals  are  to  be  obtained.  Working 
on  a  small  scale,  it  is  therefore  a  matter  of  difficulty  to  obtain 
crystals  of  this  salt. 


FERROUS    SULPHATE. 

Exercise. — Prepare  a  pure  crystalline  specimen  of  ferrous 
sulphate  from  iron  and  dilute  sulphuric  acid. 

Take  a  piece  of  iron  wire  gauze  about  2  inches  by  1  inch, 
and  hold  it  by  means  of  brass  tongs  in  a  Bunseii  flame,  until  all 
the  varnish  or  oil  has  been  burnt  off.  Fold  the  gauze  so  that  it 
will  slip  into  a  test-tube,  and  add  about  50  c.c.  of  dilute 
sulphuric  acid.  Heat  until  there  is  a  vigorous  evolution  of 
hydrogen  and  then  set  aside,  applying  heat  whenever  the 
action  slackens.  In  about  twenty  minutes,  the  solution  should 
be  distinctly  green  in  colour.  When  the  sulphuric  acid  is 
almost  all  used  up,  as  shown  by  the  action  becoming  very  slow 
even  when  heat  is  applied,  the  solution  should  be  filtered. 
Ferrous  sulphate  will  crystallise  out  as  the  solution  cools.  The 
crystals  contain  water  of  crystallisation,  and  have  the  com- 
position FeSO4,  7H0O.  The  crystals  should  be  pale  green  and 
transparent.  Ferrous  sulphate  is  a  pharmacopceial  preparation 
which  is  sometimes  called  green  vitriol. 

Fe  +  H2SO4  =  FeSO4  +  H2. 

Notes  on  the  preparation. — The  odour  of  the  gas  evolved 
is  caused  by  traces  of  hydrocarbons,  due  to  a  little  iron  carbide 
in  the  iron. 
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A  test-tube  is  used  in  this  preparation  instead  of  a  basin, 
because  ferrous  sulphate  is  oxidised  by  the  air,  and  the  amount 
of  oxidation  is  naturally  much  less  when  there  is  only  a  small 
surface  of  the  liquid  exposed  to  the  air. 


COPPER   SULPHATE. 
(Prom  Copper.) 

Exercise. — Pour  5  c.c.  of  concentrated  sulphuric  acid  and 
2  c.c.  of  concentrated  nitric  acid  into  about  25  c.c.  of  water, 
and  add  about  5  grins,  of  copper  turnings  (about  the  weight  of 
a  halfpenny).  Heat  until  the  copper  has  dissolved,  filter  off 
any  insoluble  residue,  and  crystallise  out  the  copper  sulphate. 
The  interaction  of  copper  and  sulphuric  acid  takes  place 
mainly  as  shown  by  the  equation  : — 

Cu  +  2H2SO4  =  CuSO4  +  2H2O  +  SO2. 

Copper  sulphide  is  formed  at  the  same  time,  and  the 
purpose  of  the  nitric  acid  is  to  oxidise  this  to  copper 
sulphate. 


PREPARATION  OF  A  SOLUBLE  SALT  FROM 
ANOTHER  SOLUBLE  SALT. 

It  will  be  noticed  that  in  most  of  the  preparations  an 
insoluble  substance  has  been  used  as  the  starting  point.  The 
preparation  of  salts  from  alkalis  is  an  exception,  but  in  this 
case  a  neutral  salt  was  prepared  from  a  substance  with  a 
strongly  alkaline  reaction  to  litmus.  Further,  the  other  product 
of  the  reaction  was  water,  so  that  no  purification  was  necessary. 

The  problem  becomes  a  little  more  difficult  when  it  is 
desired  to  prepare  one  neutral  soluble  salt  from  another  neutral 
soluble  salt.  In  some  cases  it  is  a  matter  of  considerable 
difficulty,  but  in  many  cases  it  can  be  done  in  the  following 
manner : — First  prepare  either  the  hydroxide  or  carbonate, 
if  these  are  insoluble  (they  are  insoluble  in  most  cases).  Wash 
this  until  it  is  free  from  all  soluble  salts,  and  then  dissolve 
it  in  the  appropriate  acid.  As  an  illustration,  the  preparation 
of  barium  nitrate  from  barium  chloride  may  be  described. 
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BARIUM   NITRATE. 
(From  Barium  Chloride.) 

Exercise. — Dissolve  about  a  teaspoonful  of  barium  chloride 
in  about  20  c.c.  of  hot  water,  and  add  sodium  carbonate  solution 
until  all  the  barium  is  precipitated,  i.e.,  until  a  few  drops  of  the 
solution,  filtered  from  the  precipitate,  will  give  no  further 
precipitate  with  sodium  carbonate. 

BaCl2  +  Na2C03  =  BaCO3  +  2NaCl. 

Filter  off  the  barium  carbonate,  and  wash  it  thoroughly  with 
hot  water — six  times,  with  about  10  c.c.  of  hot  water  each  time, 
will  be  sufficient.  Reject  the  filtrate  and  washings.  The 
barium  carbonate  may  then  be  used  to  prepare  the  nitrate  as 
already  described,  but  as  the  amount  of  barium  carbonate  is 
limited,  the  following  modification  is  an  improvement. 

Break  a  hole  in  the  bottom  of  the  filter  paper  with  a  glass 
rod,  wash  the  carbonate  into  a  porcelain  basin,  and  heat  to 
boiling.  Add  dilute  nitric  acid  in  small  quantities  at  a  time 
until  most  (but  not  quite  all)  of  the  barium  carbonate  has 
dissolved.  Filter,  and  crystallise  out  the  barium  nitrate  in  the 
usual  manner. 


VOLUMETRIC  ANALYSIS. 

The  determination  of  the  quantity  of  a  substance  in  a 
mixture  or  solution  is  called  quantitative  analysis.  There  are 
two  main  branches  of  quantitative  analysis,  known  respectively 
as  gravimetric  analysis  and  volumetric  analysis.  The  amount 
of  hydrochloric  acid  may  be  determined  grammetrically  by 
addition  of  sufficient  silver  nitrate  to  precipitate  all  the  chloride 
as  silver  chloride.  As  the  silver  chloride  is  insoluble,  it  may  be 
filtered  off,  washed  until  free  from  the  soluble  constituents, 
dried,  and  weighed.  From  the  equation 

AgNO3  +  HC1         =         AgCl  +  HNO3, 
(1  +  35-5)         (108  +  35-5) 

each  143-5  grms.  of  silver  chloride  must  represent  36'5  grms.  of 
hydrochloric  acid  in  the  original  solution.  From  the  weight  of 
silver  chloride  obtained  in  any  experiment,  the  amount  of  hydro- 
chloric acid  can  therefore  be  calculated.  This  method  is  used 
in  practice  for  the  gravimetric  determination  of  chlorides. 

Volumetric  Analysis. — Hydrochloric  acid  may  also  be 
determined  volumetrically  by  the  use  of  a  solution  which 
contains  a  known  weight  of  sodium  hydroxide  per  litre.  The 
volume  of  this  sodium  hydroxide  solution  required  to  exactly 
neutralise  the  hydrochloric  acid  is  first  determined.  This  con- 
tains a  known  weight  of  sodium  hydroxide,  and  the  quantity 
of  hydrochloric  acid  may  therefore  be  calculated  from  the 
equation 

NaOH  +  HC1  =  NaCl  +  H9O, 
40  36-5 

since  the  weight  of  sodium  hydroxide  to  its  equivalent  of 
hydrochloric  acid  is  always  in  the  ratio  40  :  36'5.  It  is  evident 
that  in  volumetric  analysis  it  is  always  necessary  to  have  one 
solution  of  known  concentration.  Such  a  solution  is  called 
a  standard  solution. 

A  standard  solution  may  be  of  any  concentration,  but  for 
convenience  it  is  usual  to  make  up  the  solution  so  that  it  con- 
tains an  equivalent  weight  of  the  substance  per  litre,  or  some 
simple  fraction  of  this  quantity.  A  solution  which  contains 
an  equivalent  weight  of  a  substance  per  litre  is  called  a  normal 
solution. 
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A  normal  solution  contains  an  equivalent  weight  of 
the  substance  in  a  litre  of  the  solution.  An  equivalent 
weight  of  an  acid  is  the  weight  which  contains  1  grm.  of 
replaceable  hydrogen.  It  may  also  be  defined  as  the  weight 
required  to  neutralise  1  grm. -molecule  of  NaOH.  The  equi- 
valent weight  of  HC1  is  therefore  the  same  as  the  molecular 
weight.  The  equivalent  weight  of  H2SO4  is  half  the  molecular 
weight,  while  the  equivalent  weight  of  H3PO4  is  one-third  the 
molecular  weight.  The  equivalent  weight  of  an  acid  is  there- 
fore found  by  dividing  the  molecular  weight  by  the  number  of 
replaceable  H  atoms  in  the  molecule. 

Similarly,  the  equivalent  weight  of  an  alkali  is  found  by 
dividing  the  molecular  weight  by  the  number  of  OH  radicals 
present. 

A  decinormal  solution  is  one  which  is  one-tenth  the 
concentration  of  a  normal  solution.  This  is  sometimes  written 

S -•*"• 

A  seminormal  solution  is  one  which  is  one-half  the 
concentration  of  a  normal  solution.  This  is  sometimes  written 

T  °r  '5  N' 

Similarly,  a  solution  which  is  said  to  be  '4  N  is  four-tenths 
the  concentration  of  a  normal  solution. 


Exercises  in  Calculation. 

(1)  How  many  grms.  of  sodium  carbonate  are  present  in  a 

litre  of  N  solution  ?  Ans.  53. 

(2)  How  many  grms.  of  acetic  acid  are  present  in  a  litre  of 

N  acetic  acid  solution  ?  Ans.  60. 

(Note.— Acetic  acid  has  the  formula  CH3COOH,  but 
only  one  H  is  replaceable  by  metal — i.e.,  the  acid  is 
monobasic.) 

(3)  How  many  grms.  of  potassium  hydroxide  are  present  in 

a  litre  of  decinormal  potassium  hydroxide  ?        Ans.  5'6. 

(4)  How  many  grms.  of  sulphuric  acid  are  present  in  100  c.c. 

of  seminormal  sulphuric  acid  ?  Ans.  2'45. 

(5)  How  many  grms.  of  nitric  acid  are  present  in  a  litre  of 

•2  N  nitric  acid  solution?  Ans.  12'6. 

(6)  How  many  grms.  of  silver  nitrate  are  present  in  a  litre 

of  decinormal  silver  nitrate  ?  Ans.  17'0. 


Volumetric  Analysis 


APPARATUS    USED    IN    VOLUMETRIC   ANALYSIS. 
The  Pipette. 

The  pipette  is  an  instrument  which  will  deliver  a  definite 
volume  of  a  liquid.  It  consists  of  a  tube,  open  at  both  ends, 
with  a  bulb  or  wider  tube  in  the  middle.  The  lower  end  is  drawn 
out  to  a  point,  and  on  the  upper  part  of  the  tube  at  A  is 
an  etched  line.  The  pipette  is  labelled  to 
show  the  amount  which  it  will  deliver.  A 
10  c.c.  pipette  will  deliver  10  c.c.  of  liquid 
if  it  is  filled  to  the  mark  A  and  then 
allowed  to  run  out.  The  instrument  is  used 
as  follows  : — 

First  clean  the  pipette  by  washing 
several  times  with  water,  and  then  wash  it 
out  with  a  little  of  the  liquid  which  is  to 
be  measured.  Reject  the  liquid  used  for 
washing.  Place  the  lower  end  below  the 
surface,  and  suck  the  liquid  in  until  it  is 
above  the  graduation.  Remove  the  upper 
end  from  the  mouth,  and  in  the  same  opera- 
tion close  the  top  with  the  tip  of  the  fore- 
finger (not  the  thumb)  before  the  liquid 
has  time  to  run  out.  By  gently  relaxing 
the  pressure  of  the  finger,  allow  air  to  enter 
until  the  liquid  runs  down  to  the  mark,  and 
again  press  tightly  enough  to  prevent  it 
going  further.  The  liquid  in  the  tube  has 
a  curved  surface  or  meniscus.  The  lowest 
part  of  the  meniscus  M  should  be  level 
with  the  graduation  mark  A,  as  shown  in 
the  diagram.  Touch  the  end  of  the  pipette 


Fig.  10. 


on  a  glass  surface,  to  remove  a  drop  which  may  be  hanging  on 
the  outside.  The  contents  may  now  be  run  into  a  porcelain 
basin,  or  whatever  vessel  is  to  be  used  for  the  titration.  Allow 
the  pipette  to  drain  for  about  ten  seconds,  and  then  blow  out 
the  last  drop.  Do  not  wash  the  pipette  if  it  is  to  be  used 
again  for  the  same  liquid. 


The  Burette. 

A  burette  is  #n  instrument  which  is  used  to  deliver  varying 
amounts  of  liquids — a  pipette  will  deliver  only  one  fixed  volume. 
A  burette  is  a  long,  narrow  glass  tube,  graduated,  as  a  rule, 
into  tenths  of  a  cubic  centimetre,  and  fitted  at  the  lower  end 
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with  a  glass  tap,  or  with  a  rubber  tube  which  can  be  closed 
with  a  clip. 

Use  of  a  Burette. 

(1)  Before  use  the  burette  should  be  washed  with  water, 
and  then  twice  with  a  little  of  the  solution  with  which  it  is 
to  be  filled.     Pour  away  the  solution  used  for  washing. 

(2)  The  tap  should  turn  easily.     If  it  is  stiff,  it  should  be 
lubricated  with  a  little  vaseline.     If  a  rubber  tube  and  clip  is 
used,  it  must  be  securely  attached  to  the  burette,  and  a  small 
tube,  drawn  to  a  fine  point  at  the  lower  end,  fitted  into  the  open 
end  of  the  rubber  tube. 

(3)  The  burette  should  be  clamped  so  that  it  is  in  a  vertical 
position,  with  the  lower  end  not  more  than  an  inch  above  the 
vessel  into  which  the  liquid  is  to  run. 

(4)  The  surface  of  a  liquid  in  a  burette  will  be  found  to  be 


Fig.  11. 


curved,  as  shown  in  the  diagram.     Always  read  to  the  lowest 
part  of  this  curved  surface  (or  meniscus,  as  it  is  called). 

(5)  The  eye  must  be  level  with  the  meniscus,  otherwise  the 
reading  will  be  incorrect.     A  reading  with  the  eye  in  the  posi- 
tion b  or  c  in  diagram  will  obviously  not  be  the  same  as  if  the 
eye  was  in  the  correct  position,  «,  level  with  the  meniscus. 

(6)  It  is  easiest  to  see  the  meniscus  if  the  light  is  thrown  up 
from  below  by  a  piece  of  white  paper  held  in  the  position  X. 

(7)  The  burette  must  never  be  put  away  in  a  dirty  condition. 

Cleaning  a  dirty  Pipette  or  Burette. 

If  a  pipette  or  burette  appears  "greasy"  (that  is,  if  drops 
are  left  on  the  glass  when  the  liquid  is  run  out),  it  is  necessary 
to  clean  it  by  the  following  treatment : — Wash  successively 
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with  sodium  hydroxide,  water,  dilute  nitric  acid,  and  finally 
several  times  with  water.  Pour  each  portion  of  liquid  away 
before  adding  the  next. 

.  To  wash  a  pipette,  the  liquid  is  sucked  in  until  the  bulb 
is  about  one-third  full ;  the  top  of  the  pipette  is  then  closed 
with  the  forefinger  and  the  liquid  shaken  ;  it  is  then  allowed 
to  run  out  by  removing  the  finger. 


INDICATORS. 

An  indicator  is  a  substance  added  to  show  when  the  end- 
point  has  been  reached  in  a  titration.  If  hydrochloric  acid  is 
titrated  with  sodium  hydroxide,  a  little  litmus  may  be  added 
to  the  measured  volume  of  acid  in  the  basin.  The  litmus  in 
presence  of  acid  imparts  a  red  colour  to  the  solution.  Sodium 
hydroxide  is  then  run  in  from  the  burette.  So  long  as  any 
acid  remains  unneutralised,  the  colour  of  the  solution  will  remain 
red,  while  addition  of  excess  of  alkali  causes  the  colour  to  change 
to  blue.  Litmus  is  therefore  an  indicator  which  can  be  used  for 
this  titration,  since  the  point  of  exact  neutralisation  is  indicated 
by  the  colour  of  the  solution.  When  exactly  neutral  the  colour 
is  a  port  wine  colour,  intermediate  between  red  and  blue.  In 
almost  all  titrations  it  is  necessary  to  add  an  indicator  to  render 
evident,  by  a  colour  change,  the  completion  of  the  reaction. 
The  choice  of  an  indicator  depends  on  the  substances  to  be 
titrated,  and  the  appropriate  indicator  for  particular  cases  will 
be  mentioned  later. 


Simple  example  of  Volumetric  Analysis. 

Estimation  of  the  amount  of  hydrochloric  acid  per  litre  in 
a  given  solution.  A  normal  solution  of  sodium  hydroxide  is 
provided.  Use  litmus  as  indicator. 

Fill  the  burette  with  the  sodium  hydroxide,  as  described 
above.  Be  sure  that  there  is  no  air  left  in  tube  below  tap 
or  clip. 

Wash  a  porcelain  basin  with  clean  water,  but  do  not  dry 
it.  Into  this,  measure  out  by  means  of  a  pipette  10  c.c.  of  the 
given  hydrochloric  acid,  and  add  1  c.c.  of  litmus  solution. 

Take  a  note  of  the  reading  on  the  burette,  and  then  run 
the  alkali  slowly  into  the  acid,  stirring  the  mixture  constantly 
with  a  solid  glass  rod.  When  the  colour  of  the  solution  indicates 
that  the  neutral  point  has  been  reached,  take  the  reading  on 
the  burette  again.  For  purposes  of  illustration,  it  will  be 
assumed  that  the  burette  readings  were  1-3  and  12-8.  The 
amount  of  sodium  hydroxide  run  out  would  in  this  case  be 
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12'8  -  1-3  =  11-5  c.c.  Repeat  the  titration  several  times,  and 
take  the  mean  of  the  values  obtained. 

The  titrations  should  agree  among  themselves  to  Ol  c.c. 
If  they  do  not,  repeat  the  titration  until  concordant  results  are 
obtained. 

The  calculation  in  this  case  would  be  as  follows  : — 

It  was  found  by  titration  that 

10  c.c.    of  hydrochloric  acid  solution  neutralised  1T5 
c.c.  of  N  sodium  hydroxide. 

The  hydrochloric  acid  solution  is  more  concentrated  than  the 
sodium  hydroxide  solution,  and  the  concentrations  must  be  in 
the  ratio  of  11-5  to  10. 

The  hydrochloric  acid  solution  is  therefore  — —times  normal. 

A  normal  hydrochloric  acid  solution  contains  36-5  grms.  per 
litre. 

This  solution  contains 

x  36-5  grms.  per  litre  =  42-0  grms.  per  litre. 


Another  example  of  the  Method  of  Calculation. 

It  was  found  that  10  c.c.  of  a  sodium  hydroxide  solution 
neutralised  9*0  c.c.  of  a  seminormal  nitric  acid  solution. 

The  calculation  by  which  the  concentration  of  the  sodium 
hydroxide  solution  is  found  is  as  follows  : — 

10  c.c.  of  NaOH  solution  neutralise  9'0  c.c.  of -5  N  nitric 
acid. 

The  NaOH  is  therefore times  the  concentration  of  the 

g 
nitric  acid — that  is,  the  NaOH  is  —  x  -5  normal. 

A  normal  solution  of  NaOH  contains  40  grms.  per  litre. 
This  solution  contains  then 

—  x  -5  x  40  grms.  NaOH  per  litre  =  18  grms.  NaOH  per  litre. 

Exercises  in  Calculation. 

The  following  examples  are  provided  to  supply  practice  in 
the  calculations  : — 

(1)  Given  a  decinormal  solution  of  sulphuric  acid,  find  the 
concentration  of  sodium  carbonate  per  litre  in  the  given 
solution  of  sodium  carbonate. 
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Assuming  that  it  was  found  by  titration  that 

10  c.c.  of  the  decinormal  sulphuric  acid  neutralised  12-0 
c.c.  of  the  sodium  carbonate  solution, 

the  calculation  would  be  as  follows  : — 

The  sodium  carbonate  solution  is  (— -  x  —  ]  N. 

The  solution  contains  (—  x  -—  x  53  j  grms.  Na.2CO3  per  litre 

=  4-42  grms.  per  litre. 

(2)  10    c.c.  of  a  potassium  hydroxide    solution    neutralised 

11*3  c.c.  of  decinorrnal  sulphuric  acid.  What  was  the 
concentration  of  the  potassium  hydroxide  solution  ? 

(6-33  grms.  per  litre.) 

(3)  10  c.c.  of  seminormal  sodium  hydroxide  neutralised  8-1 
c.c.  of  a  sulphuric  acid  solution.     What  was  the  con- 
centration of  the  sulphuric  acid  ?     (30*2  grms.  per  litre.) 

(4)  10  c.c.  of  -3  N  hydrochloric  acid  neutralised  10*5  c.c.  of 

a  sodium  carbonate  solution.  What  was  the  concentra- 
tion of  the  sodium  carbonate?  (15-1  grms.  per  litre.) 

(5)  25  c.c.  of  an  acetic  acid  solution  neutralised  23'4  c.c.  of 

decinormal  sodium  hydroxide  solution.  What  was  the 
concentration  of  the  acetic  acid  ?  (5*42  grms.  per  litre.) 

(6)  18 '4    c.c.    of   a  hydrochloric   acid    solution  was  exactly 

neutralised  by  1  grm.  of  calcium  carbonate.  What 
was  the  normality  of  the  hydrochloric  acid,  and  what 
was  its  concentration  in  grms.  per  litre  ? 

(1-09  N,  and  39 -7  grms.  per  litre.) 

(7)  12  0  c.c.   of  N  hydrochloric  acid  neutralised   10  c.c.   of 

sodium  hydroxide  solution.  10  c.c.  of  a  sulphuric  acid 
solution  neutralised  10'8  c.c.  of  the  same  sodium 
hydroxide  solution.  What  was  the  concentration  of 
the  sulphuric  acid?  (63'5  grms.  per  litre.) 

(8)  What  weight  of  sodium  carbonate  is  required  to  exactly 

neutralise  25  c.c.  of  -4  N  nitric  acid?  ('53  grm.) 


TITRATION    OP   ACID    AND   ALKALI. 

Choice  of  Indicator. — Several  indicators  are  used  when 
an  acid  is  titrated  with  an  alkali,  the  most  common  being 
litmus,  methyl  orange,  and  phenolphthalein. 

The  choice  of  an  indicator  depends  on  the  nature  of  the 
acid  and  alkali.  In  many  cases  it  is  essential  to  use  a  particular 
indicator,  and  some  rules  as  to  the  choice  of  an  indicator  may 
therefore  be  given.  In  the  following  notes  the  term  strong 
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acid  is  used  to  denote  an  acid  such  as  hydrochloric,  nitric,  or 
sulphuric  acid.  Most  organic  acids,  such  as  acetic  acid,  belong 
to  the  class  of  weak  acids.  Typical  strong  bases  are  the 
hydroxides  of  sodium,  potassium,  calcium,  and  barium,  while 
ammonium  hydroxide  is  a  typical  weak  base.  Soluble 
carbonates,  such  as  sodium  carbonate,  are  strongly  alkaline 
to  some  indicators,  and  may  therefore  be  titrated  against  an 
acid  if  an  appropriate  indicator  is  used. 

Strong  acid  and  strong  base — e,g.,  hydrochloric  acid  and 
sodium  hydroxide.  Any  indicator  may  be  used. 

Strong  acid  and  weak  base — e.g.,  hydrochloric  acid  and 
ammonia.  Methyl  orange  must  be  used. 

Weak  acid  and  strong  base — e.g.,  acetic  acid  and 
sodium  hydroxide.  Phenolphthalein  must  be  used. 

Weak  acid  and  -weak  base — e.g.,  acetic  acid  and 
ammonia.  No  indicator  gives  a  sharp  end-point,  and  the 
titration  is  therefore  impossible. 

Carbonates  are  always  titrated  against  a  strong  acid  with 
methyl  orange  as  indicator. 

These  rules  in  regard  to  the  choice  of  indicators  are 
important,  and  correct  results  are  impossible  if  the  wrong 
indicator  is  used.  The  special  uses  of  each  indicator  are 
collected  below  under  the  heading  of  the  indicators. 

Methyl  orange  is  used  for  the  titration  of  ammonia  with 
a  strong  acid.  Methyl  orange  is  unaffected  by  carbonic  acid 
and  is  therefore  used  in  the  titration  of  a  carbonate. 

Litmus  should  only  be  used  when  a  strong  acid  is  titrated 
with  a  strong  base.  The  other  indicators  are  also  available  in 
such  cases. 

Phenolphthalein  is  used  for  the  titration  of  a  weak  acid 
such  as  acetic  acid.  Phenolphthalein  gives  a  very  indefinite 
end-point  in  presence  of  carbon  dioxide,  and  the  alkali  used 
must  therefore  be  free  from  carbonates.  It  is  found  in  practice 
that  it  is  easier  to  obtain  the  correct  end-point  if  the  alkali  is 
put  in  the  burette.  The  first  permanent  tinge  of  pink  in  the 
solution  marks  the  completion  of  the  titration.  On  account  of 
carbon  dioxide  and  acid  fumes  in  the  air,  the  pink  colour 
sometimes  disappears  on  standing.  It  is  sufficient  if  the  pink 
colour  remains  for  several  seconds  after  the  liquid  has  been 
stirred. 

Notes  on  Titration. 

The  burette  should  be  filled  by  means  of  a  dry  glass  funnel, 
but  the  funnel  should  not  be  left  in  the  burette,  as  a  few  drops 
may  run  down  from  it  during  the  titration. 

Before  taking  the  initial  reading  on  the  burette,  it  should 
be  examined  to  see  that  there  is  no  air  left  in  the  tap  or  nozzle. 
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If  a  rubber  tube  and  clip  are  used,  the  air  can  be  expelled  by 
turning  the  point  upwards  and  then  opening  the  clip.  In  this 
position  the  liquid  will  always  drive  out  the  air. 

The  liquid  to  be  titrated  should  be  placed  in  a  porcelain 
basin,  or  in  a  glass  beaker.  If  a  beaker  is  used  a  sheet  of 
white  paper  should  always  be  placed  underneath,  as  the  colour 
of  the  indicator  can  then  be  better  seen. 

A  glass  rod  (not  a  lube)  should  be  used  to  stir  the  liquid 
during  the  titration.  The  rod  should  be  about  an  inch  longer 
than  the  width  of  the  basin.  The  glass  rod  should  be  washed 
before  use,  and  should  never  be  removed  from  the  vessel 
during  the  titration. 

Amount  of  indicator. — With  the  indicators  supplied 
1  c.c.  will  be  a  suitable  quantity  to  use.  It  is  a  common  fault 
to  take  far  too  much  of  the  indicator.  The  amount  taken 
should  be  just  sufficient  to  distinctly  colour  the  solution,  as  the 
colour-change  at  the  end-point  is  then  more  noticeable. 


STANDARD    SOLUTIONS. 

If  it  is  desired  to  determine  the  concentration  of  acetic  acid 
in  a  given  solution,  the  usual  method  is  to  titrate  it  with 
a  standard  sodium  hydroxide  solution — that  is,  a  sodium 
hydroxide  solution  of  known  concentration.  The  preparation 
of  such  standard  solutions  is  therefore  a  matter  of  importance. 
It  is  not  feasible  as  a  rule  for  the  student  to  prepare  all  the 
standard  solutions,  but  everyone  should  know  how  they  are 
made,  and  how  the  exact  concentration  has  been  determined. 

A  standard  solution  of  sodium  carbonate  may  be  made  by 
dissolving  an  exactly  weighed  quantity  in  sufficient  water  to 
give  a  definite  volume  of  solution. 

A  normal  solution  of  sodium  carbonate  may  be  made  by 
dissolving  53  grms.  of  the  pure  anhydrous  substance  in  water 
and  adding  more  water  until  the  volume  has  been  made  up  to 
a  litre.  This  is  the  simplest  method  of  obtaining  a  standard 
solution,  but  cannot  be  used  in  all  cases.  It  is  not  usual,  for 
instance,  to  prepare  a  standard  solution  of  sulphuric  acid  in  this 
way,  since  it  is  extremely  difficult  to  obtain  pure  H2SO4  without 
admixture  of  a  little  water. 

In  such  cases  it  is  usual  to  prepare  a  solution  which  is 
of  approximately  the  required  concentration,  and  then  to 
standardise  it  (i.e.,  find  its  exact  concentration)  by  titration 
against  another  standard  solution.  A  standard  sulphuric  acid 
solution  may  be  obtained  by  making  an  approximately  N 
solution,  and  then  finding  the  exact  concentration  by  titration 
against  a  standard  sodium  carbonate  solution. 
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Standardisation  of  a  sulphuric  acid  solution. — For 
practice  in  the  standardisation  of  a  solution,  standardise  a 
sulphuric  acid  solution  by  titration  against  a  decinormal  sodium 
carbonate  solution.  The  sodium  carbonate  solution  has  been 
made  so  that  it  contains  exactly  5' 3  grms.  of  Na2CO3  per  litre. 
Find  the  exact  normality  of  the  sulphuric  acid. 

Standardisation  of  a  sodium  hydroxide  solution. — 
Standardise  a  sodium  hydroxide  solution  by  titration  against  an 
oxalic  acid  solution  which  contains  31*5  grms.  of  C2H2O4,  2H2O 
per  litre.  This  oxalic  acid  is  exactly  seminormal.  Use  phenol- 
phthalein  as  indicator.  Calculate  the  normality  of  the  sodium 
hydroxide  solution.  Using  this  sodium  hydroxide  as  a  standard 
solution,  find  the  concentration  (grammes  per  litre)  of  a  hydro- 
chloric acid  solution. 


ESTIMATION   OP   CHLORIDES. 

The  concentration  of  a  chloride  in  a  solution  may  be  deter- 
mined by  titration  against  a  standard  silver  nitrate  solution. 

NaCl  +  AgNO3  =  AgCl  +  NaNO3. 

The  following  method  is  applicable  when  the  solution  is 
neutral,  but  cannot  be  used  if  the  solution  contains  free  acid. 
It  is  sometimes  used  for  the  estimation  of  chlorides  in  urine. 
A  decinormal  silver  nitrate  solution  is  used  as  standard  solu- 
tion, and  this  must  be  put  in  the  burette.  The  measured 
volume  of  the  chloride  solution  is  put  in  a  porcelain  basin, 
and  one  or  two  drops  of  potassium  chromate  added  to  act  as 
indicator.  The  silver  nitrate  is  then  run  in  slowly,  and  the 
mixture  stirred  constantly.  The  first  sign  of  a  permanent 
pink  colour  marks  the  end-point.  So  long  as  there  is  any 
unprecipitated  chloride  in  the  solution,  the  precipitate  consists 
of  silver  chloride  only,  and  is  therefore  white.  When  all 
the  chloride  has  been  precipitated,  the  next  addition  of  silver 
nitrate  yields  some  crimson  silver  chromate.  The  first  per- 
manent tinge  of  a  brown  or  red  shade  in  the  precipitate 
indicates  therefore  that  all  the  chloride  has  been  precipitated. 

Estimate  for  practice  the  concentration  of  sodium  chloride 
in  a  solution  of  common  salt.  The  method  of  calculation  is 
similar  to  that  adopted  in  previous  titrations. 


EXERCISES  IN  CHEMICAL  CALCULATIONS. 

Many  useful  exercises  in  chemical  calculations  will  be 
found  in  Elementary  Chemical  Theory  and  Calculations,  by 
J.  Knox  (Oliver  and  Boyd). 
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LIST   OF    ATOMIC   WEIGHTS  (in  round  numbers) 
required  in  Volumetric  Analysis. 


Element. 

Symbol. 

Atomic 
Weight. 

Barium 

Ba                     137 

Calcium     . 

Ca 

40 

Carbon 

C 

12 

Chlorine    . 

Ci 

35-5 

Chromium 

Cr 

52 

Hydrogen 

H 

1 

Iron  .... 

Fe 

56 

Magnesium 

Mg 

24 

Manganese 

Mn 

55 

Nitrogen   . 

N 

14 

Oxygen     . 

0 

16 

Potassium 

K 

39 

Silver 

Ag 

108 

Sodium 

Na 

23 

Sulphur 

S 

32 
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Dry   Way  Reactions 


THE    BUNSEN    BURNER. 

The  Bunsen  burner  is  a  gas  burner  which  is  so  designed 
that  the  gas  to  be  burned  may  be  mixed  with  air  before  reach- 
ing the  mouth  of  the  burner.  The  air  supply  may  be  regulated 
as  desired  by  a  slide,  which  can  be  turned  to  close  or  open  the 
air-inlet. 


Fig.  12. — A  simple  form  of  Bunsen  burner. 

When  the  gas  is  burned  with  the  air-inlet  closed,  a  large, 
luminous  (and  usually  smoky)  flame  is  obtained.  When  the 
air-inlet  is  opened  the  flame  becomes  non-luminous  and  much 
smaller.  The  temperature  of  the  flame  in  the  latter  case  is 
much  higher  than  in  the  former,  since  the  combustion  is  con- 
centrated in  a  smaller  area. 

A  non-luminous  Bun  sen  flame  is  preferable  to  an  ordinary 
luminous  flame  for  chemical  work,  on  account  of  its  higher 
temperature,  and  also  on  account  of  the  absence  of  smoke 
and  soot. 

A  Bunsen  flame,  burning  with  a  limited  air  supply,  may  be 
divided  into  four  areas — 

(1)  Unburnt  mixture  of  gas  and  air. 
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(2)  The    blue  portion,  in    which   partial    combustion    takes 
place.     This  is  known  as  the  reducing  flame. 

(3)  The  luminous  part  of  the  reducing  flame.     The  size  of 
this  varies  with  the  air  supply,  and  with  a  full  supply  of  air  it 
disappears  altogether. 

(4)  The  outer  non-luminous  mantle,  known  as  the  oxidising 
flame,  in  which  combustion  becomes  complete.     The  maximum 
temperature    of  the    Bunsen    flame  is   found   in   the    oxidising 
portion   near   the  point  where   the    borax   bead   is    shown   in 
Fig.  13. 


Adjustment  of  Burner  for  Oxidation  and 
Reduction. 

Oxidation. — The  air-inlet  should  be  opened  to  its  fullest 
extent,  so  that  the  flame  shows  no  signs  of  luminosity.     The 


Oxidising  tip  of  outer  flame. 


Outer  non-luminous  flame. 
(Area  of  complete  combustion.) 


Hottest  part  of  the  flame. 


Inner  blu«  flame. 
(Area  of  incomplete  combustion.) 

Unburnt  mixture  of  gas  and  air. 


Fig.  13. — Showing  position  of  borax  bead  for  oxidation. 

extreme  tip  of  the  oxidising  flame  is  very  hot,  and  contains 
excess  of  air,  but  the  oxidising  flame  is  still  hotter  at  the 
thickest  part  of  the  flame  (see  Fig.  13).  The  best  posi- 
tion of  a  borax  bead  for  oxidation  is  shown  in  the  diagram. 
Oxidation  is  effected  by  the  action  of  hot  air  on  the  molten 
bead,  and  it  should  therefore  be  kept  as  near  the  outer  edge  of 
the  flame  as  possible. 

Reduction. — The  luminous  portion  of  an   ordinary    flame 
possesses   reducing    properties,  but  is   not  sufficiently    hot  for 
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borax  bead  tests.  A  very  hot  reducing  flame  may  be  obtained 
by  regulating  the  air  supply  so  that  the  luminous  tip  becomes 
very  small.  The  centre  of  this  luminous  portion  is  the  best 
position  of  a  borax  bead  for  reduction  tests. 


Fig.  14. — Showing  position  of  borax  bead  for  reduction. 

Experiment. — Hold  a  thin  copper  wire  in  various  parts  of  a 
Bunsen  flame.  In  the  oxidising  portions  of  the  flame  black 
copper  oxide  is  formed,  whilst  in  the  reducing  portions  of  the 
flame  the  copper  remains  bright.  By  moving  the  oxidised  wire 
to  a  reducing  part  of  the  flame,  it  may  be  reconverted  into 
copper. 


MATCH   TESTS. 

Tests  for  Reducible  Metals. 

The  compounds  of  several  metals,  when  heated  with  carbon 
to  a  high  temperature,  are  reduced  to  the  metallic  state.  From 
the  appearance  and  properties  of  the  metal  it  can  usually  be 
identified.  An  ordinary  large  wooden  match  serves  conveniently 
as  a  source  of  carbon,  and  the  test  may  be  carried  out  as 
follows  : — 

Remove  the  head  of  the  match.  Heat  a  corner  of  a 
sodium  carbonate  (washing  soda)  crystal  and  rub  it 
over  the  match  so  as  to  coat  about  two-thirds  with 
the  melted  salt.  Heat  gently  in  the  flame  until  dry, 

E 
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and  then  apply  another  coat  of  the  sodium  carbonate. 
Heat  more  strongly  so  as  to  char  the  coated  end  of 
the  match.  The  fused  sodium  carbonate  prevents 
the  carbon  burning  away,  and  the  match  is  now 
ready  for  use.  Mix  a  small  quantity  of  the  substance 
under  examination  (as  an  exercise  lead  oxide  may  be 
used)  with  a  drop  of  melted  sodium  carbonate  on  a 
watch-glass.  Pick  up  a  portion  of  this  mixture,  about 
the  size  of  a  match-head,  with  the  charred  end  of  the 
match.  Heat  this  strongly  in  the  top  of  the  reducing 
flame  for  a  few  minutes,  when  the  substance  will  be 
reduced  to  metal. 

Cool  the  end  of  the  match  in  the  dark  central 
cone  of  the  burner,  and  then  crush  it  to  powder  with 
a  glass  rod  under  water  in  a  porcelain  basin.  Wash 
away  the  debris  of  carbon,  etc.,  and  examine  the 
heavy  particles  left  at  the  bottom.  Minute  beads  of 
metallic  lead  should  be  obtained. 

If  an  agate  mortar  and  pestle  are  available,  they,  should  be 
used  in  preference  to  the  basin  and  glass  rod. 

The  reduction  must  take  place  according  to  one  or  other  of 
the  following  equations  :  — 


During  the  reduction  there  is  therefore  evolution  of  carbon 
dioxide  and  carbon  monoxide,  and  the  effervescence  indicates 
the  progress  of  the  reaction. 

Red  scales          .....  Copper. 

White  beads  (malleable)  .         .         .  Lead,  Tin,  Silver. 

White  beads  (brittle)         .          .          .  Antimony,  Bismuth. 

Grey  or  black  magnetic  powder        .  Iron,  Cobalt,  Nickel. 

The  beads  obtained  with  tin  are  very  small,  and  may  easily 
be  overlooked.  They  are  rendered  more  noticeable  by  rubbing 
the  fused  mass  somewhat  heavily  under  water,  when  some  of 
the  beads  will  be  found  attached  to  the  mortar  or  basin  as 
metallic  streaks. 

If  a  white  bead  is  obtained  it  should  be  pressed  with  the 
end  of  a  glass  rod  or  with  the  pestle.  The  beads  of  lead,  silver, 
and  tin,  being  malleable,  flatten  without  cracking  ;  the  beads  of 
antimony  and  bismuth  are  brittle  and  break  under  pressure. 

Lead  may  be  distinguished  from  silver  and  tin  by  making  a 
grey  mark  when  rubbed  on  paper. 

The  fine  particles  of  iron,  cobalt,  or  nickel  are  not  readily 
recognisable  by  their  appearance.  If  the  point  of  a  magnetised 
penknife  or  other  magnet  is  introduced  into  the  crushed  mass 


D?*y   Way  Reactions  67 

under  water,  and  then  gently  withdrawn,  these  metals  remain 
attached  to  the  magnet  and  may  be  recognised  by  this 
property. 


BORAX    BEAD  TESTS. 

The  borax  bead  is  collected  on  the  wire  by  dipping  the 
red-hot  wire  into  powdered  borax.  Some  of  the  borax  sticks 
to  the  wire,  and,  when  heated  in  the  Bunsen  flame,  fuses  to  a 
colourless  glassy  bead.  If  necessary  the  size  of  the  bead  may 
be  increased  by  picking  up  more  borax  in  the  same  way,  but  it 
is  advisable  to  use  a  small  bead,  as  it  is  not  possible  to  heat  a 
large  bead  to  the  necessary  high  temperature.  The  bead 
should  not  be  larger  than  those  shown  in  Figs.  13  and  14. 

The  wire  must  first  be  cleaned  by  fusing  on  to  it  a  borax 
bead  and  running  this  molten  bead  up  and  down  the  wire  to 
collect  any  impurity  left  from  previous  experiments.  While 
the  bead  is  still  molten,  remove  it  from  the  wire  by  a  sudden 
jerk  or  by  bringing  the  hand  holding  the  bead  sharply  on  the 
table. 

Fuse  another  small  bead  on  the  wire  and  note  if  it  is 
colourless  in  both  the  reducing  and  oxidising  flames.  If  not, 
the  cleansing  process  must  be  repeated  until  a  colourless  bead 
is  obtained.  Occasionally,  with  a  very  dirty  wire,  the  cleaning 
process  is  shortened  by  boiling  the  wire  in  hydrochloric  acid. 

Touch  some  manganese  dioxide  with  a  colourless  borax 
bead  so  that  a  minute  particle  adheres  to  the  bead. 
Heat  in  the  oxidising  flame  until  the  manganese 
dioxide  is  dissolved  in  the  molten  borax.  Withdraw 
and  examine  the  colour  of  the  bead,  using  a  piece  of 
white  paper  as  background. 

Heat  again  in  the  reducing  flame,  and  examine 
the  colour  of  the  bead. 

It  is  essential  that  very  little  of  the  substance  should  be 
taken  for  the  borax  bead  test.  If  too  much  has  been  picked 
up,  the  bead  is  usually  opaque  or  so  dark  that  the  colour  cannot 
be  properly  observed.  In  such  cases  it  is  often  easiest  to  shake 
off  the  larger  part  of  the  molten  bead,  fuse  on  more  borax,  and 
proceed  with  the  test. 

It  is  not  necessary  that  the  substance  should  be  in  the  solid 
form.  The  test  may  be  performed  equally  well  by  dipping 
the  bead  into  a  solution,  provided  it  is  not  very  dilute,  and 
proceeding  as  before. 

The  following  table  shows  the  colorations  obtained  by  this 
test.  It  is  immaterial  in  what  form  of  combination  the  substance 
is  originally  present,  i.e.,  the  same  result  is  obtained  with  all 
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manganous  salts  such  as  the  chloride,  sulphate,  etc.,  as  with 
manganese  in  potassium  permanganate.  It  is  therefore  a  test 
for  elements  rather  than  radicals  : — 


Metal. 


Oxidising  Flame. 


Reducing  Flame. 


Chromium.      Green. 
Cobalt.  Blue. 

Copper.  Blue. 


Iron.  Yellow  or  brown  while  hot, 

but  becoming  almost 
colourless  as  it  cools. 

Manganese     Violet. 

Nickel.  Reddish-brown. 


Green . 

Blue. 

Red-brown.  If  heated  too 
long,  the  copper  formed  by 
reduction  alloys  with  the 
platinum,  and  the  bead 
becomes  colourless. 

Pale  green. 


Colourless. 

Grey  and  opaque.  If  heated 
too  long,  the  reduced  nickel 
alloys  with  the  platinum, 
and  the  bead  becomes 
colourless. 


FLAME    COLORATION    TESTS. 

Many  metallic  compounds  when  heated  in  a  flame  impart  a 
colour  to  it  which  is  characteristic  of  the  metallic  radical 
present.  Although  with  a  sufficiently  hot  flame  it  is  possible 
to  obtain  the  coloration  whatever  the  acidic  radical  may  be,  it 
is  advisable  when  using  the  Bunsen  flame  for  these  tests  to 
convert  the  substance  into  the  chloride,  since  chlorides  are  in 
general  easily  volatilised.  The  procedure  is  as  follows  : — 

Mix  a  little  of  the  substance  to  be  tested,  e.g.,  calcium 
carbonate,  with  a  few  drops  of  hydrochloric  acid,  on 
a  clean  watch-glass.  Dip  the  end  of  platinum  wire 
in  this  solution  and  then  hold  it  low  down  in  the 
Bunsen  flame.  If  no  coloration  is  noticed,  repeat  the 
test,  holding  the  wire  about  the  level  of  the  top  of 
the  blue  cone. 

The  flame  is  coloured  by  all  compounds  of  those  metals 
which  give  a  flame  coloration,  but  with  some  non-volatile  salts 
like  barium  sulphate,  an  inexperienced  worker  may  find  some 
little  difficulty.  With  such  compounds  the  admixture  of 
hydrochloric  acid  effects  an  improvement,  but  it  may  not  be 
found  possible  to  obtain  a  persistent  coloured  flame.  Sometimes 
only  a  flicker  of  colour  is  obtained  each  time  the  wire  is  inserted 
after  it  has  been  dipped  in  the  solution. 
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Bright  yellow  .  .         Sodium. 

Red  (brick-red)         .  .          Calcium. 

Red  (bright  crimson)  .          Lithium,  Strontium. 

Lilac  or  violet  .  .          Potassium. 

/  i     i     \  f  Barium.  Copper,  Manganese. 

Green  (various  shades)  .  |     BoriJ  aci§f  Zi'nc. 

Blue  or  bluish -green  .          Copper. 

Blue  (dull  livid  blue)  .          Antimony,  Arsenic,  Lead. 


Notes  on  the  above  Flame  Colorations. 

Yellow  coloration. — Sodium  is  a  very  common  impurity 
in  other  salts,  and  the  flame  coloration  test  should  not  be 
regarded  as  proving  that  the  substance  is  a  sodium  salt,  unless 
a  very  bright  and  persistent  flame  is  obtained.  A  yellow 
coloration  which  lasts  only  one  or  two  seconds  indicates  the 
presence  of  sodium  as  an  impurity  and  not  as  the  main  con- 
stituent. The  colour  due  to  sodium  is  invisible  when  the  flame 
is  viewed  through  a  thick  piece  of  cobalt-blue  glass,  but  the 
coloration  due  to  potassium  may  still  be  seen.  The  potassium 
flame  appears  red  when  viewed  through  the  cobalt  glass.  It  is 
thus  possible  to  detect  potassium  even  when  there  is  sufficient 
sodium  as  impurity  to  completely  mask  the  lilac  potassium 
coloration.  The  cobalt  glass  does  not  cut  off  the  flame  colora- 
tions due  to  lithium,  strontium,  etc. 

Green  coloration. — The  coloration  produced  by  manganese 
closely  resembles  that  obtained  with  barium,  but  boric  acid 
produces  a  different  shade  of  green  which  resembles  more  that 
obtained  with  copper  (brighter  and  more  bluish). 

Red  coloration. — The  coloration  produced  by  calcium  is 
less  intense  and  more  yellowish  than  with  lithium  or  strontium. 

Blue  coloration. — A  livid  blue  flame  is  obtained  with 
several  metallic  chlorides,  most  noticeably  with  those  of 
antimony,  arsenic,  and  lead.  At  the  same  time  a  white  fume 
of  the  oxide  will  usually  be  noticed.  The  blue  coloration  due 
to  copper  is  more  persistent  and  brighter. 


Cleaning  the  Platinum  Wire. 

A  platinum  wire  almost  always  gives  a  sodium  flame  until 
it  has  been  cleaned.  It  is  usually  sufficient  to  hold  the  wire 
in  the  flame  until  all  the  sodium  compound  is  volatilised  and 
no  further  coloration  is  obtained.  If,  however,  a  persistent 
flame  coloration  is  obtained,  it  is  quicker  to  dip  the  wire  in 
hydrochloric  acid  contained  in  a  clean  watch-glass  (N.B. — Do 
not  dip  the  wire  into  the  reagent  bottle,  as  this  will  con- 
taminate the  solution  in  the  bottle),  and  then  heat  for  a  minute 
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in  the  flame.  Alternate  wetting  with  hydrochloric  acid  and 
heating  will  usually  quickly  remove  any  impurity. 

The  wire,  after  cleaning,  must  on  no  account  be  touched 
with  the  fingers,  as  there  is  always  sufficient  sodium  salt  on  the 
skin  to  give  a  yellow  flame  coloration. 

Occasionally  it  is  found  that  even  after  prolonged  treatment 
a  wire  still  gives  a  flame  coloration  (usually  green  in  such  cases). 
This  indicates  that  some  metal  has  become  alloyed  with  the 
platinum.  The  wire  should  be  kept  in  hydrochloric  acid  for 
some  days,  and  if  the  coloration  is  still  obtained  after  this 
treatment,  the  wire  is  useless  for  the  purpose  of  these  tests. 

If  from  the  reduction  ("match")  test  it  is  known  that  a 
reducible  metal  is  present,  it  is  advisable  to  omit  the  flame 
coloration  test. 


REACTIONS   OF  SALTS   AND   QUALITATIVE 
ANALYSIS. 


Hydrochloric  acid  added  to  a  solution  of  any  soluble  silver 
salt  produces  a  white  precipitate  of  silver  chloride.  This  is  a 
reaction  due  to  the  presence  of  the  silver  radical  since  the 
same  result  is  obtained  whatever  the  nature  of  the  acidic 
radical  may  be.  The  study  of  such  reactions  provides  a 
method  for  determining  the  nature  of  a  salt,  and  is  the 
foundation  of  qualitative  analysis. 

Qualitative  analysis  has  for  its  object  the  identification  of 
the  nature  of  any  substance  under  examination.  Quantitative 
analysis  deals  with  the  determination  of  the  amount  or  quantity 
of  a  substance. 


EXAMINATION    FOR    METALLIC    RADICALS 


Preparation  of  a  Solution  for  Analysis. 

If  the  substance  is  soluble  in  water,  dissolve  a  small  portion 
(not  more  than  will  lie  easily  on  a  threepenny  piece)  in  about 
a  test-tubeful  of  water.  Use  about  1  c.c.  of  this  solution  for 
each  test  unless  there  is  a  definite  instruction  regarding  the 
quantity  to  be  used. 

If  the  substance  is  insoluble  in  water,  dissolve  a  small  portion 
in  (1)  hot  dilute  hydrochloric  acid  or  (2)  hot  dilute  nitric  acid. 
Hydrochloric  acid  is  to  be  preferred  and  should  be  used  when 
possible,  as  the  excess  of  nitric  acid  introduces  complications 
such  as  the  precipitation  of  sulphur  when  hydrogen  sulphide  is 
added. 

If  the  substance  is  insoluble  in  water  and  also  insoluble  in  acids, 
a  larger  text-book  must  be  consulted  as  the  analysis  of  such 
substances  offers  many  difficulties.  Such  substances  are  not 
usually  examined  by  students  of  an  elementary  class. 
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I.    REACTIONS   DUB   TO    POSITIVE   OR   METALLIC 
RADICAL. 

The  metallic  radicals  have  been  arranged  according  to  the 
properties  of  their  hydroxides  or  oxides,  i.e.,  according  to  the 
reaction  towards  sodium  hydroxide. 

Insoluble  coloured  hydroxides     Silver,  Mercury,  Copper,   Iron, 

Chromium,          Manganese, 
Cobalt,  Nickel. 

White     hydroxides,      soluble     Lead,     Tin,     Antimony,     Zinc, 
in     excess      of     sodium  Aluminium, 

hydroxide 

White    hydroxides,  insoluble     Cadmium,      Bismuth,     Calcium, 
in      excess     of     sodium  Barium,     Strontium,     Mag- 

hydroxide  nesium. 

Soluble  hydroxides  Arsenic,      Potassium,      Sodium, 

Lithium,  Ammonium. 
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SILVER. 

Most  silver  salts  are  insoluble.  The  nitrate  and  chlorate 
are  soluble ;  the  acetate  and  sulphate  are  sparingly  soluble. 
Soluble  silver  salts  are  colourless,1  but  most  of  the  insoluble 
salts  are  coloured. 

Pharmacopoeia!  preparations— 

Silver  oxide,  Ag2O,  and  silver  nitrate,  AgNO3  (lunar  caustic). 

Reactions   of  Silver   Salts   in   Solution. 

Sodium,  hydroxide  produces  a  brown  precipitate  of  silver 
hydroxide,  insoluble  in  excess. 

AgNO3  +  NaOH  =  AgOH  +  NaNO3. 

Hydrochloric  acid  produces  a  white  curdy  precipitate  of 
silver  chloride,  which  slowly  acquires  a  violet  colour  on 
exposure  to  light. 

AgNO3  +  HC1  =  AgCl  +  HNO3. 

Silver  chloride  is  insoluble  in  nitric  acid,  but  readily 
soluble  in  ammonia. 

Hydrogen  sulphide  produces  a  black  precipitate  of  silver 
sulphide,  which  is  insoluble  in  nitric  acid. 

2AgN08  +  H3S=Ag2S  +  2HN08. 

Potassium  iodide  produces  a  pale  yellow  precipitate  of 
silver  iodide,  which  is  insoluble  in  nitric  acid  and  also  insoluble 
in  ammonia. 

AgNO3  +  Kl  =  Agl  +  KNO3. 

Ammonia  produces,  with  a  concentrated  solution,  a  brown 
precipitate  of  silver  hydroxide,  soluble  in  excess  of  ammonia. 
Silver  hydroxide  is  not  precipitated  if  the  solution  is  dilute, 
if  it  contains  ammonium  salts,  or  if  it  contains  free  acid. 

Potassium  chromate  produces  a  bright  crimson  precipitate 
of  silver  chromate. 

2  AgNO3  +  K2CrO4  =  Ag2CrO4  +  2KNO3. 

1  Throughout  these  notes  no  distinction  has  been  made  between 
"  white "  and  "colourless." 
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Dry   Reactions. 

Silver  salts  give  no  flame  coloration,  and  do  not  colour  a 
borax  bead. 

Reduction. — Silver  salts  are  readily  reduced  to  metal,  and 
the  match  test  will  therefore  give  shining  white  beads  of 
metallic  silver.  Silver  is  harder  than  lead,  and  the  silver 
bead  will  not  mark  paper. 

Detection   of  Silver   in   Analysis. 

The  match  test  will  suggest  that  the  metallic  radical  is 
silver,  lead,  or  tin. 

A  brown  precipitate  with  sodium  hydroxide  is  characteristic 
of  silver,  but  might  be  confused  with  the  black  precipitate 
produced  with  a  mercurous  salt. 

A  white  precipitate  with  hydrochloric  acid  is  obtained  only 
with  silver,  lead,  and  mercurous  salts.  Silver  chloride  is 
insoluble  in  hot  water  (distinction  from  lead  chloride),  and 
readily  soluble  in  ammonia  (distinction  from  lead  and 
mercurous  chlorides). 


MERCURY. 

Mercury  forms  two  series  of  compounds  :  mercurous  and 
mercuric  salts.  The  mercurous  salts  have  different  properties 
and  different  reactions  from  those  of  the  mercuric  salts.  Mer- 
curous salts  may  be  converted  into  mercuric  salts  by  the  action 
of  oxidising  agents,  while  mercuric  salts  may  be  converted  into 
mercurous  compounds  by  reducing  agents.  In  general,  however, 
the  behaviour  of  the  two  classes  of  mercury  compounds  are  so 
different  that  their  reactions  may  be  studied  almost  as  if  they 
were  salts  of  two  different  metals. 

Pharmacopceial  preparations — 

Mercury,    Hg.   and  Mercury  with  chalk,    Hg   and    CaCO3 
(grey  powder). 

Dry   Reactions   of  both   Mercurous   and 
Mercuric   Salts. 

Mercury  salts  give  no  recognisable  results  with  the  borax 
bead,  reduction,  or  flame-coloration  tests. 

All  mercury  salts  when  heated  volatilise  completely.  In 
some  cases  the  mercury  salt  sublimes  unchanged  to  the  upper, 
unheated  part  of  a  test-tube.  With  other  salts  decomposition 
occurs,  and  a  grey  sublimate  of  minute  beads  of  metallic  mercury 
is  obtained. 
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MBRCUROUS    SALTS. 

Most  mercurous  salts  are  insoluble.  The  nitrate  and 
chlorate  are  soluble.  The  reactions  of  mercurous  salts  are  in 
general  similar  to  the  reactions  of  silver  salts. 

Pharmacopceial  preparation  — 

Mercurous  chloride  (calomel),  HgCl. 

Reactions  of  Mercurous  Salts  in  Solution. 

Sodium  hydroxide  produces  a  black  precipitate  of 
mercurous  oxide,  insoluble  in  excess. 

2HgNO3  +  2NaOH  -  Hg2O  +  2NaNO3  +  H2O. 

Hydrochloric  acid  produces  a  white  precipitate  of 
mercurous  chloride  (calomel). 

HgNO3  +  HC1  =  HgCl  +  HNO3. 

Mercurous  chloride  may  be  distinguished  from  silver  chloride 
by  addition  of  ammonia,  when  it  changes  to  a  black  insoluble 
complex  substance  (compare  with  silver  chloride). 

Hydrogen  sulphide  does  not  yield  mercurous  sulphide,  as 
this  substance  is  unknown,  but  gives  a  black  precipitate  which 
is  a  mixture  of  mercuric  sulphide  and  mercury. 

2  HgN03  +  H2S  =  HgS  +  Hg  +  2  HNO3. 

Ammonia  produces  a  black  precipitate  (probably 
NH2Hg2NO3),  insoluble  in  excess. 

Potassium  iodide  produces  a  yellow  precipitate  of 
mercurous  iodide,  if  only  a  small  amount  is  added. 

HgNO3  +  KI  =  Hgl  +  KNO3. 

Addition  of  more  potassium  iodide  causes  the  precipitate  to 
become  green  and  finally  black.  Mercurous  iodide  interacts 
with  potassium  iodide,  and  produces  metallic  mercury  (black) 
and  soluble  potassium  mercuric  iodide. 

I  =  Hg  +  KHgI3. 


Potassium  chromate  produces  a  bright  red  precipitate  of 
mercurous  chromate. 

2HgN03  +  K2Cr04  -  2KNO3  +  Hg2CrO4. 

Metallic  copper  dipped  into  the  solution  becomes  coated 
with  a  film  of  metallic  mercury. 
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Detection  of  Mercurous  Salts  in  Analysis. 

Mercurous  salts  give  reactions  which  are  in  general  similar 
to  those  of  silver  salts.  In  both  cases  the  chloride  is  white, 
but  silver  chloride  is  readily  soluble  in  ammonia,  whereas 
mercurous  chloride  gives  a  black  insoluble  complex  salt  with 
ammonia.  Mercurous  oxide  is  black;  silver  hydroxide  is 
brown :  a  distinction  which  should  not  be  relied  upon 
without  further  distinctive  tests.  Both  silver  and  mercurous 
salts  give  red  chromates  and  yellow  iodides  (but  mercurous 
iodide  becomes  green  and  finally  black  with  excess  of 
potassium  iodide). 

The  best  test  to  distinguish  between  silver  and  mercurous 
salts  is  the  action  of  ammonia  on  the  chloride. 

A  mercurous  salt  may  be  readily  distinguished  from  a 
mercuric  salt  by  the  insolubility  of  mercurous  chloride,  and 
also  by  the  action  of  potassium  iodide,  which,  with  a  mercurous 
salt,  gives  a  yellow  precipitate  turning  green  with  excess,  and 
with  a  mercuric  salt  gives  a  yellow  precipitate  which  almost 
instantly  becomes  red,  and  which  is  soluble  in  excess. 


MERCURIC   SALTS. 

Most  mercuric  salts  are  insoluble.  The  chloride,  bromide, 
and  acetate  are  soluble.  Mercuric  nitrate  is  decomposed  by 
water  with  formation  of  insoluble  basic  nitrate,  but  dissolves 
in  dilute  nitric  acid,  and  the  solution  then  gives  the  ordinary 
mercuric  reactions.  The  sulphate  behaves  in  a  similar  manner. 

Pharmacopceial  preparations — 

Acid  solution  of  mercuric  nitrate,  Hg(NO3)2 ;  mercuric 
chloride  (corrosive  sublimate),  HgCl2 ;  mercuric  iodide, 
HgI2;  red  mercuric  oxide,  HgO  ;  and  yellow  mercuric 
oxide,  HgO. 

Reactions  of  Mercuric'  Salts  in  Solution. 

Sodium  hydroxide  produces  a  yellow  precipitate  of 
mercuric  oxide,  insoluble  in  excess. 

HgCl2  +  2NaOH  =  HgO  +  2NaCl  +  H2O. 

Hydrogen  sulphide  produces  a  black  precipitate  of 
mercuric  sulphide. 

HgCl2  +  H2S  =  HgS  +  2HC1. 
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If  the  mercuric  solution  contains  also  free  hydrochloric  acid, 
the  precipitate  which  first  forms  is  white.  As  more  hydrogen 
sulphide  is  added,  the  colour  passes  through  various  shades  of 
yellow  and  orange  to  black.  Mercuric  sulphide  is  insoluble  in 
dilute  hydrochloric  acid. 

Potassium    iodide    produces   a   precipitate   of    mercuric 
iodide,  which  is  yellow  at  first,  but  changes  quickly  to  red. 


Mercuric  iodide  dissolves  in  excess  of  either  mercuric  chloride 
or  of  potassium  iodide,  in  each  case  yielding  soluble  complex 
salts. 

Ammonia  produces  a  white  precipitate,  insoluble  in  excess. 

HgCl2  +  2NH4OH  =  NH2HgCl  +  NH4C1  +  2H2O. 

This  precipitate  is  known  as  "white  precipitate." 

Metallic  copper  becomes  coated  with  a  film  of  mercury. 


Detection  of  Mercuric  Salts  in  Analysis. 

The  yellow  precipitate  obtained  on  addition  of  sodium 
hydroxide  is  characteristic  of  mercuric  salts.  Other  radicals 
give  both  black  sulphides  with  H2S,  and  white  precipitates 
with  ammonia. 

The  formation  of  a  yellow  precipitate,  quickly  changing  to 
red,  on  addition  of  potassium  iodide,  is  characteristic. 


COPPER. 

There  are  two  series  of  copper  compounds  :  the  cuprous  and 
the  cupric  salts.  As  the  cuprous  salts  are  comparatively 
unimportant,  only  the  cupric  salts  will  be  dealt  with  here. 

Cupric  compounds  are  in  general  blue  or  green.  All 
solutions  of  cupric  salts  are  blue  or  green.  Cupric  oxide  and 
cupric  sulphide  are  black.  Cupric  iodide  has  not  been  prepared. 

Pharmacopceial  preparation — 

Copper  sulphate  (blue  vitriol),  CuSO4,  5H2O. 

Reactions  of  Cupric  Salts  in  Solution. 

Sodium  hydroxide  produces  a  blue  precipitate  of  cupric 
hydroxide,  insoluble  in  excess. 

CuSO4  +  2NaOH  =  Cu(OH)2  +  Na2SO4. 
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If  excess  of  sodium  hydroxide  is  added  and  the  mixture  boiled, 
black  copper  oxide  is  formed  by  the  decomposition  of  the 
hydroxide. 

Cu(OH)2 


Hydrogen  sulphide  produces  a  black  precipitate  of 
cupric  sulphide,  insoluble  in  dilute  acids. 

CuS04  +  H2S  =  CuS  +  H2S04. 

Ammonia  produces  a  blue  precipitate  of  a  basic  salt.  If 
excess  of  ammonia  is  added,  the  precipitate  dissolves  and  a 
bright  blue  solution'  is  obtained. 

Potassium  ferrocyanide  produces  a  brown  precipitate 
of  cupric  ferrocyanide. 

Metallic  iron  produces  a  red  precipitate  of  metallic  copper. 

CuSO4  +  Fe  =  Cu  +  FeSO4. 

If  the  blade  of  a  penknife  or  a  clean  iron  nail  is  dipped  in  a 
cupric  solution,  it  is  quickly  coated  with  a  film  of  red  metallic 
copper  which  adheres  to  the  iron. 

Potassium  iodide  produces  a  white  precipitate  of  cuprous 
iodide  together  with  a  brown  solution  or  a  precipitate  of  iodine. 

CuS04  +  2KI  =  Cul  +  K2S04  +  I. 

Dry  Reactions. 

Reduction.  —  Copper  salts  yield,  on  reduction,  red  metallic 
scales  of  copper. 

Flame  coloration.  —  Copper  salts  impart  a  bright  green 
colour  to  the  Bunsen  flame.  In  many  cases  little  or  no  colour 
is  obtained,  unless  the  substance  is  mixed  with  hydrochloric 
acid. 

Borax  bead.  —  In  the  oxidising  flame  a  blue  bead  is 
obtained.  In  the  reducing  flame  the  bead  becomes  reddish- 
brown.  If  the  bead  is  heated  too  long  the  colour  will  disappear, 
as  metallic  copper  is  formed  and  this  alloys  with  the  platinum. 

Detection  of  Copper  in  Analysis. 

The  dry  reactions  should  serve  to  identify  copper  beyond 
doubt. 

The  blue  or  green  colour  of  a  solution  will  at  once  suggest 
copper,  and  all  the  reactions  given  above  are  characteristic  of 
copper.  Specially  distinctive  are  the  reactions  with  ammonia 
and  with  metallic  iron. 
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IRON. 

Iron  forms  two  series  of  salts  :  the  ferrous  and  the  ferric 
compounds.  The  reactions  of  ferrous  salts  are,  in  general, 
different  from  those  of  ferric  salts,  and  are  therefore  given 
independently.  Ferric  salts  may  be  reduced  to  ferrous  salts, 
and  ferrous  salts  oxidised  to  ferric  salts.  Solutions  of  ferrous 
salts  slowly  absorb  oxygen  from  the  air  with  formation  of  ferric 
salts,  and  all  ordinary  ferrous  solutions  therefore  contain  some 
ferric  salt. 

Pharmacopceial  preparation  - — 

Iron  (Ferrum  Redactum).  This,  the  reduced  iron  of  the 
Pharmacopoeia,  always  contains  a  considerable  proportion  of 
oxide. 

Dry  Reactions. 

The  dry  reactions  are  the  same  for  both  ferrous  and 
ferric  salts. 

Iron  salts  do  not  colour  the  Bimsen  flame. 

Borax  bead. — The  bead  obtained  in  the  oxidising  flame  is 
yellow  while  hot,  but  becomes  almost  colourless  as  it  cools  ; 
the  bead  obtained  in  the  reducing  flame  is  green. 

Reduction. — Iron  salts  yield  minute  grey  or  black  magnetic 
particles  of  iron  on  reduction. 


FERROUS    SALTS. 

Solutions  of  ferrous  salts  are  usually  pale  green.  Most 
ferrous  salts  are  insoluble.  The  chloride,  bromide,  iodide, 
sulphate,  and  acetate  are  soluble. 

Pharmacopceial  preparations — 

Ferrous  sulphate,  FeSO4,  7H2O;  ferrous  phosphate, 
Fe3(PO4)2,  8H9O  ;  ferrous  iodide  (with  sugar  solution), 
Fel., ;  basic  ferrous  carbonate  (with  sugar)  ;  and  ferrous 
arsenate,  Fe3(AsO4)2,  6H2O. 

Note. — All  of  these  preparations  contain  large  amounts  of 
ferric  iron  through  oxidation  during  preparation. 

Reactions  of  Ferrous  Salts  in  Solution. 

Sodium  hydroxide  produces  with  pure  ferrous  solutions 
a  white  precipitate  of  ferrous  hydroxide. 

FeS04+  2NaOH  -  Fe(OH)2  +  Na2SO4. 
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This  precipitate  rapidly  becomes  green,  then  almost  black,  and 
on  continued  exposure  to  the  air,  it  becomes  finally  red-brown, 
marking  its  complete  conversion  into  ferric  hydroxide. 

All  ordinary  ferrous  solutions  contain  some  ferric  salt,  and 
the  precipitate  obtained  with  sodium  hydroxide  is  therefore 
green  at  first. 

Hydrogen  sulphide  does  not  produce  any  precipitate. 

Ammonia  has  the  same  action  as  sodium  hydroxide. 

Ammonium  sulphide  produces  a  black  precipitate  of 
ferrous  sulphide,  readily  soluble  in  dilute  acids. 

FeSO4  +  (NH4)2S  =  FeS  +  (NH4)2SO4. 

Potassium  ferrocyanide  produces  with  a  pure  ferrous 
solution  a  white  precipitate  of  ferrous  ferrocyanide,  but  with 
ordinary  ferrous  solutions  a  light  blue  precipitate  is  obtained. 
The  precipitate  absorbs  oxygen  from  the  air,  and  becomes 
darker  blue  in  colour  as  it  is  converted  into  ferric  ferrocyanide. 

Potassium  ferricyanide  produces  a  dark  blue  precipitate 
of  ferrous  ferricyanide,  which  is  known  as  Turnbull's  blue. 

Detection  of  Ferrous  Salts  in  Analysis. 

The  reduction  test  and  the  borax  bead  test  should  show 
that  iron  is  present.  To  decide  whether  the  iron  is  in  the 
ferrous  or  ferric  state,  almost  any  of  the  above  tests  may  be 
used,  as  the  reactions  of  ferrous  and  ferric  salts  are  so  different ; 
sodium  hydroxide  and  potassium  ferricyanide  give  perhaps  the 
most  distinctive  tests. 

In  the  analysis  of  a  solution,  the  characteristic  green  colour 
of  the  precipitate  obtained  with  sodium  hydroxide,  and  the 
changes  in  colour  of  this  precipitate  as  it  oxidises,  should 
suggest  a  ferrous  salt.  Chromium  gives  a  greenish-grey  pre- 
cipitate, but  it  is  soluble  in  excess.  A  good  confirmatory  test 
for  a  ferrous  salt  is  with  potassium  ferricyanide. 


FERRIC    SALTS. 

Ferric  salts  are  yellow  or  brown  in  colour. 
Most  ferric  salts  are  insoluble.     Ferric  chloride,  bromide, 
acetate,  nitrate,  and  sulphate  are  soluble. 

Pharmacopceial  preparations — 

Ferric  chloride  solution,  FeCl3 ;  ferric  acetate  solution, 
Fe(C2H3O2)3;  ferric  nitrate  solution,  Fe(NO3)3 ;  and 
ferric  sulphate  solution,  Fe.>(SO4)3. 

There  are  some  other  pharmacopoeial  preparations  contain- 
ing  iron — the  so-called  "scale-preparations."     These  are  not, 
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as  a  rule,  definite  chemical  compounds,  but  the  main  constituents 
of  two  are  ferric  tartrate  and  ferric  ammonium  citrate. 

It  will  be  noticed  that  the  pharmacopceial  preparations  of 
ferric  salts  are  solutions.  The  main  reason  for  this  is  the 
deliquescent  nature  of  these  salts  (see  p.  11). 

Reactions  of  Ferric  Salts  in  Solution. 

Sodium  hydroxide  produces  a  reddish-brown  precipitate 
of  ferric  hydroxide,  insoluble  in  excess. 

FeCl3  +  3NaOH  =  Fe(OH)3  +  SNaCl. 

Hydrogen  sulphide  may  produce  a  black  precipitate 
(probably  ferric  sulphide),  but  this  quickly  vanishes.  Whether 
this  black  precipitate  appears  or  not,  there  is  a  white  precipitate 
of  sulphur  formed,  accompanied  by  reduction  of  the  iron  to  a 
ferrous  salt. 

2FeCl3  +  H2S  =  S  +  2FeCl2  +  2HC1. 

Ammonia  precipitates  ferric  hydroxide,  insoluble  in 
excess. 

Ammonium  sulphide  produces  a  black  precipitate  of 
ferric  sulphide  or  a  mixture  of  ferrous  sulphide  and  sulphur. 
In  either  case  the  black  precipitate  dissolves  in  hydrochloric 
acid,  yielding  ferrous  chloride  and  leaving  a  white  precipitate 
of  sulphur.  The  action  of  hydrochloric  acid  on  ferric  sulphide 
is  as  follows  : — 

Fe2S3  +  4  HC1  =  2  FeCl2  +  2  H2S  +  S. 

Potassium  ferrocyanide  produces  a  dark  blue  precipitate 
of  ferric  ferrocyanide  or  Prussian  blue. 

Potassium  ferricyanide  produces  ferric  ferricyanide, 
which  is  soluble  in  water  and  imparts  a  brown  colour  to  the 
solution. 

Detection  of  Ferric  Salts  in  Analysis. 

A  ferric  salt  is  readily  detected  on  account  of  the  colour 
of  the  precipitates.  If  the  solution  under  examination  is 
yellow  or  brown,  it  is  a  ferric  salt  or  a  chromate.  The  borax 
bead  and  reduction  tests  should  suggest  iron.  The  colour  of 
ferric  hydroxide  is  characteristic.  Potassium  ferrocyanide  and 
ferricyanide  give  very  distinctive  tests  with  ferric  salts. 
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CHROMIUM. 

Solutions  of  chromic  salts  are  bluish-purple,  but  if  boiled 
they  sometimes  acquire  a  green  colour.  The  salts  themselves 
are  usually  purple  or  grey.  Most  chromic  salts  are  insoluble  ; 
the  principal  soluble  salts  are  the  chloride,  sulphate,  nitrate, 
and  acetate.  The  most  common  salt  of  chromium  is  Chrome 
Alum,  K2SO4 .  Cr2(SO4)3,  24H2O,  in  which  chromium  replaces 
the  aluminium  of  ordinary  alum. 

The  chromates  and  bichromates  are  compounds  in  which 
chromium  forms  part  of  the  acidic  radical  (see  p.  127). 

Reactions  of  Chromic  Salts  in  Solution. 

Sodium,  hydroxide  produces  a  bluish-grey  precipitate 
of  chromic  hydroxide,  soluble  in  excess  to  yield  a  green 
solution. 

Cr2(SO4)3  +  GNaOH  =  2Cr(OH)3  +  3Na2SO4. 

Hydrogen  sulphide  produces  no  precipitate. 

Ammonia  produces  a  bluish-grey  precipitate  of  chromic 
hydroxide,  slightly  soluble  in  excess. 

Ammonium  sulphide  produces  a  bluish-grey  precipitate 
of  chromic  hydroxide. 

02(S04)3  +  3(NH4)2S  +  6H20  =  2Cr(OH)s  +  3(NH4)2SO4  +  3H2S. 

Bleaching  solution  oxidises  chromic  solutions  to  chromates, 
and  the  colour  therefore  changes  to  yellow.  It  is  advisable  to 
add  a  considerable  quantity  of  bleaching  solution  to  a  few 
drops  of  the  chromic  solution,  and  warm. 

Dry  Reactions. 

Chromic  salts  give  no  flame  coloration,  and  are  not  reduced 
to  metal  by  the  match  test. 

Borax  bead. — In  both  the  oxidising  and  reducing  flame 
the  bead  is  coloured  green. 

Detection  of  Chromium  in  Analysis. 

The  borax  bead  test  is  characteristic  of  chromium. 

Solutions  of  chromium  salts  exhibit  a  characteristic  bluish- 
purple  colour,  which  should  suggest  chromium.  The  colour  of 
the  hydroxide  obtained  on  addition  of  sodium  hydroxide  is 
characteristic,  though  it  might  possibly  be  mistaken  for 
ferrous  hydroxide.  The  action  of  bleaching  solution  is  a 
good  confirmatory  test  for  chromium. 
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MANGANESE 

Manganese  forms  two  series  of  salts,  the  manganic  and  the 
manganous  compounds.  The  former  are  unstable,  and  will 
not  be  further  considered  here. 

Dilute  solutions  of  manganous  salts  are  almost  colourless, 
but  the  solid  crystals  of  the  soluble  salts  are  pink  or  violet- 
pink.  Manganese  sulphide  is  buff-coloured,  and  manganese 
dioxide  is  black.  Manganous  chloride,  bromide,  iodide,  nitrate, 
sulphate,  and  acetate  are  soluble  ;  the  other  common  salts  are 
insoluble. 

Manganese  forms  part  of  the  acidic  radical  in  permanganates, 
the  reactions  of  which  are  given  on  p.  129. 


Reactions  of  Manganous  Salts  in  Solution. 

Sodium  hydroxide  produces  with  ordinary'  solutions  a 
brownish-white  precipitate  of  manganous  hydroxide,  insoluble 
in  excess,  which  darkens  on  exposure  to  air  through  oxidation. 

MnS04  +  2NaOH  =  Mn(OH)2  +  Na2SO4. 

With  solutions  free  from  air,  the  precipitate  obtained  is 
pure  white. 

Hydrogen  sulphide  produces  no  precipitate,  except  with 
a  solution  of  manganous  acetate,  with  which  there  may  be 
partial  precipitation  of  manganous  sulphide. 

Ammonia  has  the  same  action  as  sodium  hydroxide. 

Ammonium  sulphide  produces  a  buff-coloured  precipitate 
of  manganous  sulphide,  which  is  readily  soluble  in  dilute  acids. 

MnS04  +  (NH4)2S  =  MnS  +  (NH4)2SO4. 

Bleaching  solution  produces  a  brown  precipitate  of  a 
manganite.  Sometimes  the  precipitate  does  not  appear  until 
the  solution  is  warmed. 


Dry  Reactions. 

Manganese  is  not  obtained  as  metal  by  the  match  test. 

Flame  coloration. — Manganese  chloride  and  some  other 
salts  if  moistened  with  hydrochloric  acid  colour  the  flame 
pale  green.  With  other  salts  no  coloration  is  obtained  even 
when  moistened  with  hydrochloric  acid. 

Borax  bead. — The  bead  is  lilac  or  amethyst  in  the  oxidis- 
ing flatne  ;  in  the  reducing  flame  it  is  colourless. 
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Detection  of  Manganese  in  Analysis. 

If  the  substance  under  examination  is  a  solid,  the  colour 
will  sometimes  suggest  manganese. 

The  borax  bead  test  for  manganese  is  characteristic. 

The  dirty-white  precipitate  of  manganous  hydroxide  and 
its  change  of  colour  to  brown  by  oxidation  is  peculiar  to 
manganese  ;  ferrous  hydroxide  also  changes  colour  as  it  oxidises, 
but  at  one  stage  it  is  green,  and  no  confusion  should  arise 
between  these  two  radicals.  The  tests  with  ammonium  sulphide 
and  with  bleaching  solution  provide  satisfactory  confirmatory 
tests. 

COBALT, 

Most  cobalt  salts  are  insoluble.  The  sulphate,  chloride, 
bromide,  iodide,  and  acetate  are  soluble.  Cobalt  salts  are 
pink  in  solution  or  in  a  hydrated  condition,  but  most  of  the 
anhydrous  salts  are  blue. 

The  properties  of  cobalt  salts  closely  resemble  those  of 
nickel  salts  as  regards  solubility,  but  the  colours  afford  a 
ready  distinction  between  the  two. 

Reactions  of  Cobalt  Salts  in  Solution. 

Sodium  hydroxide  produces  a  greenish-blue  precipitate 
of  a  basic  salt,  which  on  boiling  with  excess  of  NaOH  is 
converted  into  the  pink  cobaltous  hydroxide,  Co(OH)2.  The 
pink  hydroxide  usually  becomes  somewhat  brown,  as  it  is 
readily  oxidised  in  the  air  to  cobaltic  hydroxide. 

Hydrogen  sulphide  produces  a  black  precipitate  of  cobalt 
sulphide  if  the  solution  is  neutral,  but  no  precipitate  if  free 
mineral  acid  is  present.  It  is  a  curious  fact  that  although 
cobalt  sulphide  is  not  precipitated  in  presence  of  dilute 
hydrochloric  acid,  the  precipitated  sulphide  is  not  soluble  in 
dilute  hydrochloric  acid. 

Ammonia  produces  in  neutral  solutions  a  partial  precipita- 
tion of  a  basic  salt,  which  is  readily  soluble  in  excess,  yielding 
a  brown  solution. 

Ammonium  sulphide  produces  a  black  precipitate  of 
cobalt  sulphide. 

CoCl2  +  (NH4)2S  =  CoS  +  2NH4C1. 

Cobalt  sulphide  is  insoluble  in  dilute  HC1,  but  is  soluble  in 
nitric  acid. 

Bleaching  solution  produces  a  black  precipitate  of 
cobaltic  hydroxide,  Co(OH)3. 
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Dry  Reactions. 

Cobalt  compounds  do  not  colour  the  Bunsen  flame. 

Reduction. — Cobalt  compounds  are  reduced  to  metal  when 
the  match  test  is  applied.  The  cobalt  is  obtained  as  a  grey 
metallic  powder  with  little  metallic  lustre. 

Borax  bead  test. — Cobalt  compounds  impart  a  bright 
blue  colour  to  a  borax  bead,  whether  heated  in  the  oxidising 
or  reducing  flame.  This  is  a  delicate  and  characteristic  test 
for  cobalt. 

Detection  of  Cobalt  in  Analysis. 

Solutions  of  cobalt  salts  have  a  pink  or  red  colour. 
Bichromates  give  red  (not  pink)  solutions,  and  may  readily 
be  distinguished  from  cobalt  salts  by  the  action  of  sodium 
hydroxide  or  hydrogen  sulphide. 

Characteristic  reactions  for  cobalt  are  the  borax  bead  test 
and  the  action  of  bleaching  solution  on  a  solution  of  a  cobalt 
salt. 


NICKEL. 

Solutions  of  nickel  salts  are  bright  green.  Most  solid  nickel 
salts  are  green,  but  the  oxide  and  sulphide  are  black.  Nickel 
salts  possess  solubilities  almost  exactly  the  same  as  the  corre- 
sponding cobalt  salts,  but  the  colours  are  so  different  that  there 
is  no  difficulty  in  distinguishing  between  these  two  radicals. 

Reactions  of  Nickel  Salts  in  Solution. 

Sodium  hydroxide  produces  a  pale  green  precipitate  of 
nickel  hydroxide,  insoluble  in  excess. 

NiS04  +  2NaOH  =  Ni(OH)2  +  Na2SO4. 

Hydrogen  sulphide  produces  a  black  precipitate  of 
nickel  sulphide,  unless  the  solution  contains  some  free  mineral 
acid.  It  is  curious  that  nickel,  like  cobalt,  is  not  precipitated 
as  sulphide  if  any  free  hydrochloric  acid  is  present,  but  once 
the  sulphide  is  formed  it  is  insoluble  in  dilute  hydrochloric 
acid. 

Ammonia  produces  with  neutral  solutions  a  pale  green 
precipitate  of  a  basic  salt,  soluble  in  excess  to  yield  a  blue 
solution. 

Ammonium  sulphide  produces  a  black  precipitate  of 
nickel  sulphide. 

NiS04  +  (NH4)2S  =  NiS  +  (NH4)2S04. 
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Bleaching  solution  produces  a  black  precipitate  of  iiickelic 
hydroxide,  Ni(OH)s. 

Dry  Reactions. 

Reduction. — Nickel  is  obtained  by  the  match  test  as  a 
grey,  faintly  magnetic  powder. 

Borax  bead. — The  borax  bead  with  nickel  compounds  is 
red-brown  when  heated  in  the  oxidising  flame.  The  colour 
becomes  lighter  as  the  bead  cools.  In  the  reducing  flame,  the 
bead  becomes  grey  and  opaque.  If  the  heating  is  continued 
too  long,  the  reduced  nickel  alloys  with  the  platinum  of  the 
wire,  and  the  bead  becomes  transparent. 

Detection  of  Nickel  in  Analysis. 

Solutions  of  nickel  salts  have  a  bright  green  colour.  Some 
copper  salts  are  green  in  solution,  but  copper  and  nickel  may 
be  distinguished  by  the  colour  of  the  hydroxide,  and  by  the 
borax  bead  test.  A  further  characteristic  test  lor  nickel  is 
with  bleaching  solution. 


LEAD. 

Most  lead  salts  are  insoluble  in  water.  The  nitrate,  acetate, 
and  chlorate,  are  soluble  ;  the  chloride  is  sparingly  soluble  in 
cold  water  but  soluble  in  hot  water.  Lead  sulphate  is  insoluble. 

Most  lead  salts  are  colourless,  but  the  oxides  are  coloured 
(PbO  is  yellow,  Pb3O4  is  red,  and  PbO2  is  dark  brown).  The 
sulphide  is  black ;  the  chromate  and  iodide  are  yellow. 

Pharrnacopceial  preparations — 

Lead  monoxide,  litharge,  PbO ;  lead  carbonate,  PbCO3 ; 
lead  acetate,  sugar  of  lead,  Pb(C2H3O2)2,  3H2O  ;  and 
lead  iodide,  PbI2. 

Some  other  preparations  containing  lead  are  used  in 
medicine,  such  as  lead  plaster  (lead  oleate).  Lead  salts  are 
poisonous. 

Reactions  of  Lead  Salts  in  Solution. 

Sodium,  hydroxide  produces  a  white  precipitate  of  lead 
hydroxide,  readily  soluble  in  excess. 

Pb(NO3)2  +  2NaOH  =  Pb(OH)2  +  2NaNO3. 

Hydrogen  sulphide  produces  a  black  precipitate  of  lead 
sulphide,  which  is  insoluble  in  dilute  acids. 

Pb(NO3)2  +  H2S  =  PbS  +  2HNO3. 
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Hydrochloric  acid  produces  a  white  precipitate  of  lead 
chloride,  except  in  dilute  solutions.  Lead  chloride  is  slightly 
soluble  in  cold  water  and  readily  soluble  in  hot  water,  from 
which  it  crystallises  on  cooling  in  long  needles. 

Pb(NO3),  +  2HC1  =  PbCl,  +  2  HNO3. 

Potassium  iodide  produces  a  yellow  precipitate  of  lead 
iodide,  insoluble  in  excess. 

Pb(NO3),  +  2KI  =  PbI2  +  2KNO3. 

If  the  contents  of  the  tube  are  heated  to  boiling,  the  lead  iodide 
dissolves,  and  on  cooling  it  separates  as  shining  golden  plates. 

Ammonia  produces  a  white  precipitate,  insoluble  in 
excess. 

Sulphuric  acid  (dilute)  produces  a  white  precipitate  of 
lead  sulphate. 

Pb(N03)2  +  H2S04  -  PbS04  +  2HN03. 

Dry  Reactions. 

Flame  Coloration. — Lead  salts  sometimes  give  a  bluish 
colour  when  the  flame  coloration  test  is  applied.  This  test 
should  never  be  applied  if  the  presence  of  lead  is  suspected, 
since  lead  salts  are  readily  reduced  to  the  metal  by  the  flame 
gases,  and  the  lead  then  alloys  with  platinum  and  spoils  it. 

Reduction. — Lead  compounds  are  readily  reduced,  and  the 
match  test  will  therefore  yield  beads  of  metallic  lead.  These 
metallic  globules  may  be  identified  as  lead  by  their  malleability 
and  by  making  a  grey  mark  when  rubbed  on  paper. 

Detection  of  Lead  in  Analysis. 

The  match  test  will  usually  suggest  that  the  metallic  radical 
is  lead.  Of  the  metallic  radicals  which  give  black  sulphides, 
lead  is  the  only  one  which  gives  an  insoluble  sulphate.  The 
insolubility  of  lead  sulphate  also  distinguishes  lead  from  the 
other  radicals  which  give  white  hydroxides,  soluble  in  excess  of 
sodium  hydroxide.  It  is  the  only  radical  which  gives  a  chloride 
which  is  soluble  in  hot  water  and  almost  insoluble  in  cold 
water.  The  golden  spangles  of  lead  iodide  obtained  by  slow 
cooling  are  very  characteristic. 


TIN. 

Tin  forms  two  sets  of  compounds  :  the  stannous  and  the 
stannic  salts.  The  stannic  salts  are  relatively  unimportant, 
and  only  the  stannous  compounds  will  be  dealt  with  here. 
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Stannous  Salts. 

Stannous  salts  are  mostly  white,  but  the  sulphide  is  dark 
brown. 

Most  stannous  salts  are  insoluble  in  water.  The  chloride, 
bromide,  and  sulphate  are  soluble,  but  are  largely  hydrolysed 
in  solution  and  tend  to  deposit  basic  salts.  Solutions  of  the 
soluble  stannous  salts  are  therefore  prepared  with  addition  of 
the  corresponding  acid,  and  the  solution  will  therefore  contain 
considerable  free  acid  :  this  should  be  remembered  in  studying 
the  reactions  of  these  salts. 

Reactions  of  Stannous  Salts  in  Solution. 

Sodium  hydroxide  produces  a  white  precipitate  of 
stannous  hydroxide,  soluble  in  excess. 

SnCl2  +  2NaOH  =  Sn(OH)2  +  2NaCl. 

Hydrogen  sulphide  produces  a  dark  brown  precipitate 
of  stannous  sulphide,  which  is  insoluble  in  dilute  hydrochloric 
acid. 


Ammonia  produces  a  white  precipitate  of  stannous 
hydroxide,  insoluble  in  excess. 

Mercuric  chloride  produces  a  white  precipitate  of 
mercurous  chloride,  stannic  chloride  (soluble)  being  formed 
at  the  same  time. 

SnCl2  +  2HgCl2  =  SnCl4  +  2HgCl. 

If  excess  of  the  stannous  chloride  is  present,  this  precipitate 
gradually  darkens  through  formation  of  metallic  mercury. 

SnCl2  +  2HgCl  =  SnCl4  +  2Hg. 

If  excess  of  the  mercuric  chloride  is  added,  this  second 
action  does  not  take  place.  In  using  this  as  a  test  for  a 
stannous  salt,  it  is  advisable  therefore  to  add  only  one  or 
two  drops  of  mercuric  chloride  solution. 

Dry  Reactions. 

Stannous  salts  do  not  colour  the  Bunsen  flame,  and  do  not 
colour  a  borax  bead. 

Reduction.  —  Tin  salts  yield  metallic  tin  by  the  match 
test.  The  particles  of  metallic  tin  do  not  readily  fuse  together 
to  form  beads  of  metal,  and  are  often  so  fine  that  they  may  be 
missed  unless  looked  for  carefully.  They  are  usually  most 
easily  seen  if  the  charred  residue  is  rubbed  to  powder  with  a 
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glass  rod  under  water  in  a  basin  (or  in  an  agate  mortar).  If 
this  is  done,  the  tin  will  usually  be  found  attached  to  the  basin 
(or  mortar)  as  fine  metallic  streaks. 

Detection  of  Stannous  Salts  in  Analysis. 

If  the  reduction  test  is  carefully  performed,  it  will  usually 
suggest  that  the  metallic  radical  is  tin  or  silver,  and  it  is  then 
an  easy  matter  to  confirm  the  presence  of  a  stannous  salt.  If 
the  metal  is  not  obtained  by  the  match  test,  a  stannous  salt 
is  not  so  quickly  identified. 

Several  other  metallic  radicals  give  insoluble  white 
hydroxides,  soluble  in  excess  of  sodium  hydroxide.  Stannous 
sulphide  is  the  only  insoluble  brown  sulphide,  but  lead  sulphide 
is  sometimes  brownish  in  colour  when  incompletely  precipitated. 
The  test  with  mercuric  chloride  is  characteristic,  and  distin- 
guishes stannous  salts  from  all  others  which  give  brown  or 
black  sulphides. 


ANTIMONY. 

Almost  all  antimonious  salts  are  insoluble.  Antimonious 
chloride,  when  added  to  water,  yields  an  insoluble  basic  salt, 
and  to  prepare  a  solution  of  it  hydrochloric  acid  must  be  added. 

Pharmacopceial  preparations — 

Antimonious  oxide,  Sb9O3 ;    and  native  antimony  sulphide, 
Sb2S3. 

Other  preparations  of  antimony  are  used  medicinally. 
Antimonium  sulphuratum  is  a  mixture  of  sulphides  and  oxides 
of  antimony,  while  the  most  important  preparation  of  antimony 
is  Tartar  Emetic  or  potassium  antimonyl  tartrate. 


Reactions  of  Antimonious  Chloride  in  Solution. 

Sodium     hydroxide    produces    a    white    precipitate    of 
antimonious  oxide,  soluble  in  excess. 

2SbCl3  +  GNaOH  =  Sb2O3  +  GNaCl  +  3H2O. 

Hydrogen   sulphide    produces    an   orange   precipitate  of 
antimonious  sulphide. 

2SbCl3  +  3H2S  =  Sb2S3  +  6HC1. 

Ammonia   produces   a   white   precipitate   of    antimonious 
oxide  or  of  basic  salt,  insoluble  in  excess. 
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Water  added  in  quantity  produces  a  white  precipitate  of 
antimonious  oxychloride  (oxychloride  reaction). 

SbCl3  +  H2O  ^  SbOCl  +  2HCl. 

Note. — Tartar  Emetic  yields  a  precipitate  with  hydrogen 
sulphide,  but  does  not  give  any  precipitate  with  the  other 
reagents  mentioned  above. 

Dry  Reactions. 

Reduction. — Antimony  compounds  yield  by  the  match 
test  brittle  white  beads  of  the  metal. 

Flame  coloration. — Antimony  compounds  yield  a  livid 
blue  flame  coloration,  but  as  in  the  case  of  all  other  reducible 
metals,  it  is  inadvisable  to  apply  this  test,  as  the  antimony  may 
alloy  with  and  spoil  the  platinum  wire. 

Detection  of  Antimonious  Salts  in  Analysis. 

Bismuth  and  antimony  compounds  yield  white  brittle  beads 
of  metal  on  reduction. 

The-  colour  of  antimonious  sulphide  distinguishes  it  from 
that  of  bismuth  and  all  other  metallic  radicals.  Bismuth  and 
antimony  alone  give  the  "oxychloride  reaction,"  and  this  is 
therefore  a  useful  confirmatory  test. 


ZINC. 

Most  zinc  salts  are  soluble.     The  oxide,  hydroxide,  sulphide, 
and  carbonate  are  insoluble. 
Zinc  salts  are  colourless. 

Pharmacopceial  preparations — 

Zinc  oxide,  ZnO  ;  basic  zinc  carbonate,  ZnCO3 .  Zn(OH)2  ; 
zinc  chloride,  ZnCl0 ;  zinc  sulphate,  ZnSO4,  7H2O  ; 
and  zinc  acetate,  Zn(C2H3O2)2,  3H2O. 

Reactions  of  Zinc  Salts  in  Solution. 

Sodium  hydroxide  produces  a  white  gelatinous  pre- 
cipitate of  zinc  hydroxide,  which  dissolves  readily  in  excess 
to  give  a  solution  of  sodium  zincate. 

ZnSO4  +  2NaOH  =  Zn(O  H)2  +  Na2SO4. 

If  a  few  drops  of  hydrogen  sulphide  are  added  to  the 
solution  of  zinc  hydroxide  in  sodium  hydroxide,  a  white 
precipitate  of  zinc  sulphide  is  produced  (distinction  from 
aluminium). 
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Hydrogen  sulphide  produces  a  white  precipitate  of  zinc 
sulphide,  but  this  precipitate  is  not  formed  if  any  hydrochloric 
or  other  strong  acid  is  present. 

ZnSO4  +  H2S  =  ZnS  +  H2SO4. 

Ammonium  sulphide  produces  a  white  precipitate  of 
zinc  sulphide,  insoluble  in  acetic  acid. 

Ammonia  produces  a  white  precipitate  of  zinc  hydroxide,, 
soluble  in  excess.  No  precipitation  occurs  in  presence  of 
ammonium  salts,  and  there  is  therefore  no  precipitation  when 
ammonia  is  added  to  a  solution  which  contains  free  hydrochloric 
or  other  acid. 

Potassium  ferrocyanide  produces,  even  in  faintly  acid 
solutions,  a  white  precipitate  of  zinc  ferrocyanide  (distinction 
from  aluminium).  This  precipitate  is  often  green  on  account 
of  impurities  in  the  zinc  salt  or  in  the  ferrocyanide. 

Dry  Reactions. 

Zinc  gives  no  distinctive  reactions  with  the  borax  bead  and 
flame  coloration  tests. 

Zinc  salts  are  readily  reduced  to  metal,  but  metallic  zinc 
is  so  volatile  that  no  bead  is  obtained  by  the  match  test. 

Detection  of  Zinc  in  Analysis. 
See  under  the  Detection  of  Aluminium  in  Analysis. 


ALUMINIUM. 

Alum  (potassium  aluminium  sulphate)  is  used  medicinally. 

Aluminium  nitrate,  chloride,  bromide,  acetate,  and  sulphate 
are  soluble  in  water ;  most  other  salts  of  aluminium  are 
insoluble.  The  most  common  salts  of  aluminium  are  Potash 
Alum,  K9SO4  .  A10(SO4)3,  24H9O  ;  and  Ammonia  Alum, 
(NH4)2S04:A12(SO;)3,  24H20. 

Reactions  of  Aluminium  Salts  in  Solution. 

Sodium  hydroxide  produces  a  white  gelatinous  pre- 
cipitate of  aluminium  hydroxide,  readily  soluble  in  excess. 

A12(S04)3  +  GNaOH  =  3Na2SO4  +  2  A1(OH)8. 

If  a  few  drops  of  hydrogen  sulphide  are  added  to  a  solution  of 
aluminium  hydroxide  in  sodium  hydroxide,  no  precipitation 
takes  place  (compare  with  zinc) ;  but  if  so  much  hydrogen 
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sulphide  is  added  that  all  the  sodium  hydroxide  is  converted 
into  sodium  hydrosulphide,  the  aluminium  hydroxide  will  be 
reprecipitated. 

Hydrogen  sulphide  produces  no  precipitate. 

Ammonium   sulphide    produces   a   white   precipitate   of 
aluminium  hydroxide. 
A12(S04)3  +  3(NH4)2S  +  6H20  =  2  A1(OH)3  +  3(NH4)2SO4  +  3H2S. 

Ammonia  produces  a  white  precipitate  of  aluminium 
hydroxide,  slightly  soluble  in  excess.  This  precipitation  takes 
place  in  presence  of  ammonium  salts  (compare  with  zinc). 

Potassium  ferrocyanide  produces  no  precipitate  in  the 
cold,  but  a  white  precipitate  may  be  formed  on  warming  unless 
the  solution  is  slightly  acidified  (distinction  from  zinc). 

Dry  Reactions. 

Aluminium  gives  no  distinctive  test  with  the  borax  bead 
or  flame  coloration  tests,  and  is  not  reducible  to  metal  in  a 
Bunsen  flame. 

Detection  of  Aluminium  in  Analysis. 

All  aluminium  and  zinc  salts,  whether  soluble  or  insoluble, 
are  colourless.  The  precipitation  of  a  colourless  gelatinous 
hydroxide  on  addition  of  sodium  hydroxide  should  suggest 
that  the  metallic  radical  is  aluminium  or  zinc,  and  in  both 
cases  the  hydroxide  is  soluble  in  excess  of  sodium  hydroxide. 
The  hydroxides  of  lead,  tin,  and  antimony  are  also  white  (but 
not  gelatinous),  and  are  soluble  in  excess  of  sodium  hydroxide. 
The  sulphides  of  these  three  metals  are  coloured,  whereas 
all  the  salts  of  zinc  and  aluminium  are  colourless. 

Many  of  the  reactions  of  aluminium  salts  resemble  those 
obtained  with  zinc  salts,  and  the  reactions  by  which  they  may 
be  distinguished  should  therefore  be  carefully  noted. 


CADMIUM. 

Solutions  of  cadmium  salts  are  colourless.  Cadmium 
sulphide  is  yellow,  and  the  oxide  is  brown. 

Cadmium  chloride,  bromide,  iodide,  nitrate,  sulphate,  and 
acetate  are  soluble. 

Reactions  of  Cadmium  Salts  in  Solution. 

Sodium  hydroxide  produces  a  white  precipitate  of  cadmium 
hydroxide,  insoluble  in  excess. 

CdCl2  +  2NaOH  =  Cd(OH)2  +  2NaCl. 
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Hydrogen  sulphide  produces  a  bright  yellow  precipitate 
of  cadmium  sulphide,  which  is  soluble  in  hydrochloric  acid. 

CdCl2  +  H2S  =  CdS  +  2HC1. 

Ammonia  produces  a  white  precipitate  of  a  basic  salt, 
readily  soluble  in  excess. 

Dry  Reactions. 

Cadmium  compounds  are  readily  reduced,  but  owing  to  the 
volatility  of  the  metal  no  bead  is  obtained  by  the  match  test. 

Detection  of  Cadmium  in  Analysis. 

Of  the  metallic  radicals  which  yield  a  white  hydroxide 
insoluble  in  excess  of  sodium  hydroxide,  cadmium  alone  gives 
with  ammonia  a  white  precipitate  which  dissolves  in  excess. 
The  colour  of  cadmium  sulphide  is  very  characteristic,  being 
a  brighter  yellow  than  arsenious  sulphide. 


BISMUTH. 

Most  bismuth  salts  are  insoluble.  The  chloride  and  nitrate, 
when  added  to  water,  give  insoluble  basic  salts,  but  may  be 
completely  dissolved  by  addition  of  hydrochloric  or  nitric  acid. 
A  solution  of  bismuth  chloride  or  nitrate  contains  always  on 
this  account  some  free  acid,  and  this  should  be  remembered  in 
studying  the  reactions. 

Bismuth  solutions  are  colourless,  'as  are  also  most  solid 
bismuth  salts.  The  sulphide  is  black,  and  the  oxide  is 
yellowish-brown. 

Pharmacopceial  preparations — 

Bismuth  oxide,  Bi2O3 ;  bismuth  oxycarbonate,  2(BiO),CO3, 
H2O;  and  basic  bismuth  nitrate,  Bi(OH)2NO3. 

Some  bismuth  salts  of  organic  acids  are  also  used  in 
medicine. 

Reactions  of  Bismuth  Salts  in  Solution. 

Sodium  hydroxide  produces  a  white  precipitate  of 
bismuth  hydroxide,  insoluble  in  excess. 

Bi(N03)3  +  SNaOH  =  Bi(OH)3  +  3NaNO3. 

Hydrogen  sulphide  produces  a  dark  brown,  almost  black, 
precipitate  of  bismuth  sulphide,  insoluble  in  dilute  acids. 

2Bi(N03)3  +  3H2S  -  Bi2S3  +  6HNO3. 
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Ammonia  produces  a  white  precipitate  of  bismuth  hydroxide, 
insoluble  in  excess. 

Hydrochloric  acid  added  in  small  quantity  may  produce 
a  white  precipitate  of  bismuth  oxychloride.  This  is  distin- 
guished from  the  insoluble  silver,  lead,  and  mercurous  chlorides 
by  ready  solubility  on  further  addition  of  dilute  hydrochloric 
acid.  The  precipitate  does  not  form  at  all  if  the  solution 
already  contains  sufficient  free  hydrochloric  acid  to  prevent 
the  formation  of  the  oxychloride  (see  below). 

Bi(NO3)3  +  HC1  +  H2O  =  BiOCl  +  3HNO3. 

Oxycliloride  reaction. — If  a  few  drops  of  ammonium 
chloride  solution  are  added  to  an  equal  volume  of  a  bismuth 
solution  and  the  whole  then  poured  into  a  test-tubeful  of  water, 
a  white  precipitate  of  bismuth  oxychloride  is  obtained. 

BiCl3  +  H20^  BiOCl +  2HC1.  . 

The  precipitate  dissolves  on  addition  of  hydrochloric  acid. 
This  is  a  good  example  of  a  reversible  reaction,  as  the  reaction 
given  in  the  above  equation  will  proceed  in  either  direction, 
according  to  the  relative  concentrations  of  the  H2O  and 
the  HC1. 

Potassium  iodide  produces  with  most  solutions  a  dark 
brown  precipitate  of  bismuth  iodide. 

Bi(NO3)3  +  SKI  =  BiI3  +  3KNO3. 

With  all  bismuth  solutions  a  clear  yellow  solution  is  obtained 
on  addition  of  sufficient  excess  of  potassium  iodide.  If  a  copious 
precipitate  of  the  iodide  is  obtained,  most  of  it  should  be  poured 
away,  and  potassium  iodide  added  in  excess  to  the  remainder. 

Dry  Reactions. 

Bismuth  compounds  do  not  give  any  characteristic  flame 
coloration  or  borax  bead  test. 

Reduction. — Bismuth  compounds  yield  white  brittle  beads 
of  metallic  bismuth  by  the  match  test. 

Detection  of  Bismuth  in  Analysis. 

Bismuth  and  antimony  are  the  only  white  brittle  beads 
obtained  by  the  match  test. 

Other  radicals  also  give  both  white  hydroxides  and  black 
sulphides,  and  further  tests  are  therefore  necessary  to  confirm 
bismuth.  Antimony  is  the  only  other  radical  which  gives  the 
oxychloride  reaction,  and  is  distinguished  from  bismuth  by  the 
orange  colour  of  its  sulphide.  The  reaction  with  potassium 
iodide  is  also  characteristic  of  bismuth  salts. 
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CALCIUM. 

The  majority  of  the  common  salts  of  calcium  are  soluble. 
Calcium  hydroxide  is  sparingly  soluble,  the  solution  being 
known  as  lime  water.  The  carbonate,  phosphate,  and  oxalate 
are  insoluble,  while  the  sulphate  is  sparingly  soluble. 

Calcium  salts  are  in  general  colourless. 

Pharmacopceial  preparations — 

Calcium  oxide,  quicklime,  CaO  ;  calcium  hydroxide,  slaked 
lime,  Ca(OH)9 ;  native  calcium  carbonate  or  chalk, 
CaCO3  ;  precipitated  calcium  carbonate,  CaCO3  ;  calcium 
chloride,  CaCl2 ;  calcium  orthophosphate,  Ca3(PO4)., ; 
and  Liquor  Calcis  or  lime  water  is  a  saturated  solution 
of  calcium  hydroxide  in  water. 

Several  other  calcium  compounds  are  used  medicinally. 

Reactions  of  Calcium  Salts  in  Solution. 

Sodium  hydroxide  produces  in  concentrated  solutions  a 
white  precipitate  of  calcium  hydroxide,  insoluble  in  excess. 
With  dilute  solutions  there  is  no  precipitation,  as  calcium 
hydroxide  is  slightly  soluble. 

CaCl2  +  2NaOH  -  Ca(OH)2  +  2NaCl. 

Sodium  hydroxide  solution  absorbs  carbon  dioxide  from  the  air 
to  form  carbonate,  and  there  is  usually  therefore  a  precipitate 
of  calcium  carbonate  even  with  dilute  solutions. 

Hydrogen  sulphide  produces  no  precipitate. 

Ammonia,  if  free  from  carbonate,  produces  no  precipitate  ; 
but  there  is  usually  a  precipitate  of  calcium  carbonate  due  to 
carbonate  in  the  ammonia. 

Ammonium  carbonate  produces  a  white  precipitate  of 
calcium  carbonate,  soluble  in  acetic  acid. 

CaCl2  +  (NH4)2CO3  =  CaCO3  +  2N  H4C1. 

Dilute  sulphuric  acid  produces  a  white  precipitate  of 
calcium  sulphate  in  concentrated  solutions,  but  no  precipitate 
in  dilute  solutions,  on  account  of  the  slight  solubility  of 
calcium  sulphate. 

CaCl2+H,SO4  =  CaSO4+2HCl. 

Potassium  chromate  produces  no  precipitate  even  on 
boiling,  unless  the  solution  is  very  concentrated,  when  a  pre- 
cipitate may  form  on  boiling. 
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Dry  Reactions. 

Calcium  compounds  do  not  colour  a  borax  bead,  and  are  not 
reducible  to  metal  by  the  match  test. 

Flame  coloration. — Calcium  salts  impart  a  brick-red 
colour  to  the  Bunsen  flame.  This  red  colour  is  usually  duller 
in  shade  than  the  bright  red  or  crimson  red  obtained  with 
strontium  and  lithium  salts. 

Detection  of  Calcium  and  Barium  in  Analysis. 

Note. — The  following  notes  are  intended  as  a  guide  when 
it  is  not  necessary  to  test  for  strontium  salts.  If  strontium 
may  be  present,  see  under  Reactions  of  Strontium  Salts. 

Barium  and  calcium  are  treated  together  here,  as  their 
reactions  are  in  many  respects  similar.  They  are  distinguished 
from  all  other  metals,  except  magnesium  and  the  alkalis,  by 
the  solubility  of  the  sulphides. 

They  differ  from  magnesium  and  the  alkalis  by  giving  a 
precipitate  of  the  carbonate  on  addition  of  ammonium 
carbonate  (and  also  in  other  reactions).  They  may  also  be 
distinguished  from  the  alkalis  by  the  flame  coloration  test. 
Calcium  and  barium  differ  one  from  the  other  in  the  following 
reactions  : — 

(1)  The  flame  coloration  with  calcium  is  brick  red,  and  with 

barium  it  is  green. 

(2)  Barium  salts  give  with  potassium  chromate  an  immediate 

yellow  precipitate,  insoluble  in  acetic  acid ;  calcium 
salts  give  no  precipitate  with  potassium  chromate  even 
on  boiling  (unless  the  solution  is  far  more  concentrated 
than  should  be  used  in  analytical  work). 


BARIUM. 

The  majority  of  barium  salts  are  soluble.  The  hydroxide  is 
sparingly  soluble,  while  the  sulphate,  carbonate,  phosphate, 
chromate,  and  oxalate  are  insoluble. 

Barium  salts  are  in  general  colourless. 

Reactions  of  Barium  Salts  in  Solution. 

Sodium  hydroxide  produces  in  concentrated  solutions  a 
white  precipitate  of  barium  hydroxide. 

BaCl2  +  2NaOH  =  Ba(OH)2  +  2NaCl. 

If  the  sodium  hydroxide  is  free  from  carbonate,  it  produces  no 
precipitate    with    dilute    solutions.      Sodium   hydroxide    which 
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has  been  exposed  to  the  air  always  contains  sufficient  carbonate 
to  yield  a  precipitate  of  barium  carbonate. 

Hydrogen  sulphide  produces  no  precipitate. 

Ammonia,  if  free  from  carbonate,  produces  no  precipitate, 
but  as  a  rule  it  contains  sufficient  carbonate  to  yield  a 
precipitate  of  barium  carbonate. 

Ammonium  carbonate  produces  a  white  precipitate  of 
barium  carbonate,  soluble  in  acetic  acid. 

BaCl.2  +  (NH4)2C03  -  BaCO3  +  2NH4C1. 

Dilute  sulphuric  acid  produces  a  white  precipitate  of 
barium  sulphate,  insoluble  in  acids  even  on  boiling. 

BaCl2  +  H,SO4  =  BaSO4  +  2HC1. 

Potassium  chromate  produces  immediately,  and  without 
warming,  a  yellow  precipitate  of  barium  chromate,  insoluble  in 
acetic  acid. 

BaCl,  +  K2CrO4  =  BaCrO4  +  2KC1. 

Dry  Reactions. 

Barium  compounds  are  not  reducible  to  metal  by  the  match 
test,  and  impart  no  colour  to  a  borax  bead. 

Flame  coloration. — Barium  compounds  give  a  green  flame 
coloration. 

Detection  of  Barium  in  Analysis. 

This  is  dealt  with  under  the  Reactions  of  Calcium,  p.  96, 
and  under  Strontium,  p.  98. 


STRONTIUM. 

Strontium  salts  are  in  general  colourless. 

The  majority  of  strontium  salts  are  soluble.  The  hydroxide 
is  sparingly  soluble  ;  the  sulphate,  carbonate,  chromate,  and 
oxalate  are  insoluble. 


Reactions  of  Strontium  Salts  in  Solution. 

Sodium  hydroxide  produces  with  concentrated  solutions 
a  white  precipitate  of  strontium  hydroxide. 

Sr(N03)2  +  2NaOH  =  Sr(OH)2  +  2NaNO3. 

With  dilute  solutions  there  is  no  precipitation  if  no  carbonate 
is  present,  but  as  sodium  hydroxide  usually  contains  carbonate, 
a  white  precipitate  of  strontium  carbonate  is  usually  obtained. 
Hydrogen  sulphide  produces  no  precipitate. 

G 
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Ammonia,  if  free  from  carbonate,  produces  no  precipitate, 
but  as  it  has  usually  absorbed  some  carbon  dioxide  from  the 
air,  a  precipitate  of  strontium  carbonate  is  usually  obtained. 

Ammonium  carbonate  produces  a  white  precipitate  of 
strontium  carbonate,  soluble  in  acetic  acid. 

Sr(N03)2  +  (NH4)2C03  =  SrCO8  +  2NH4NO3. 

Potassium  chromate  does  not  produce  an  immediate 
precipitate  in  the  cold,  but,  on  standing  for  some  time,  or 
quickly  if  the  solution  is  heated,  a  yellow  precipitate  of 
strontium  chromate  is  obtained  (compare  with  corresponding 
reaction  of  barium). 

Sr(N03)2  +  K3Cr04  =  SrCrO4  +  2KNO3. 
Strontium  chromate  is  soluble  in  acetic  acid. 

Dry  Reactions. 

Strontium  compounds  are  not  reduced  to  metal  by  the 
match  test,  and  do  not  colour  a  borax  bead. 

Flame  coloration. — Strontium  salts  impart  a  very  bright 
red  or  crimson  colour  to  the  Bunsen  flame. 

Detection  of  Calcium,  Strontium,  and  Barium 
in  Analysis. 

Calcium,  strontium,  and  barium  are  distinguished  from  all 
metallic  radicals,  except  magnesium  and  the  alkalis,  by  the 
solubility  of  their  sulphides.  They  differ  from  magnesium  and 
the  alkalis  by  yielding  a  precipitate  with  ammonium  carbonate, 
by  the  insolubility  or  slight  solubility  of  the  sulphates,  and  by 
the  colorations  imparted  to  the  Bunsen  flame. 

Calcium,  strontium,  and  barium  may  be  distinguished  from 
one  another  by  the  following  reactions  : — 

(1)  The  flame   coloration  with  calcium  is  brick  red,  with 

strontium  it  is  crimson  red,  and  with  barium  it  is  green. 

(2)  With    potassium   chromate,    barium    salts    yield   an 

immediate  precipitate,  insoluble  in  acetic  acid ; 
strontium  salts  give  a  precipitate  only  after  some  time 
or  when  the  solution  is  heated,  and  strontium  chromate 
is  soluble  in  acetic  acid ;  calcium  salts  give  no 
precipitate. 
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MAGNESIUM. 

Magnesium  salts  are  in  general  colourless. 

Most  magnesium  salts  are  soluble  ;  the  hydroxide  is  almost 
insoluble,  the  carbonate  is  insoluble.  Both  the  hydroxide  and 
carbonate  are  soluble  in  solutions  of  ammonium  salts,  and  there 
is  therefore  no  precipitation  (or  very  little)  on  addition  of 
ammonia  or  ammonium  carbonate. 

Pharmacopceial  preparations — 

Magnesium  sulphate  or  Epsom  Salts,  MgSO4,  7H0O ; 
magnesium  oxide,  MgO  ;  basic  magnesium  carbonate  ; 
and  magnesium  bicarbonate  solution  or  Fluid  Magnesia, 
MgH2(C03)2. 

Magnesium  bicarbonate  solution  corresponds  to  the  calcium 
bicarbonate  solution  mentioned  on  p.  21. 

Reactions  of  Magnesium  Salts  in  Solution. 

Sodium  hydroxide  pioduces  a  white  gelatinous  precipitate 
of  magnesium  hydroxide,  insoluble  in  excess. 

MgSO4  +  2NaOH  =  Mg(OH)2  +  Na2SO4. 

Hydrogen  sulphide  produces  no  precipitate. 

Ammonia  produces  a  white  precipitate  of  magnesium 
hydroxide,  insoluble  in  excess.  Magnesium  hydroxide  is 
soluble  in  ammonium  salts,  and  is  therefore  not  precipitated 
if  the  solution  contains  ammonium  salts  or,  for  the  same  reason, 
if  it  contains  free  hydrochloric  acid. 

Ammonium  carbonate  produces  no  precipitate. 

Potassium  carbonate  produces,  on  warming,  a  white 
precipitate  of  basic  magnesium  carbonate. 

Iodine  in  sufficient  quantity  to  colour  the  solution  distinctly 
yellow,  and  then  sodium  hydroxide  in  just  sufficient  amount 
to  cause  precipitation  (usually  one  drop  is  enough),  produce  a 
dark  brown  precipitate,  which  consists  of  magnesium  hydroxide 
dyed  brown  by  the  iodine.  Excess  of  sodium  hydroxide  destroys 
the  colour  by  interaction  with  the  iodine,  leaving  the  white 
magnesium  hydroxide. 

Dry  Reactions. 

Magnesium  is  not  reduced  to  metal  in  the  match  test,  and 
gives  no  characteristic  reaction  with  the  borax  bead  or  flame 
coloration  tests. 

Detection  of  Magnesium  in  Analysis. 

Magnesium  somewhat  resembles  calcium,  strontium,  and 
barium  in  its  reactions,  but  is  distinguished  from  them  by 
giving  no  precipitate  with  ammonium  carbonate,  no  precipitate 
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with  dilute  sulphuric  acid,  and  imparting  no  coloration  to  the 
Bunsen  flame.  Like  them,,  it  gives  no  precipitate  with  hydrogen 
sulphide. 

Magnesium  is  distinguished  from  the  alkalis  by  the 
insolubility  of  the  hydroxide,  and  by  giving  no  flame  coloration. 
The  staining  of  the  hydroxide  with  iodine,  as  described  above, 
is  characteristic. 


ARSENIC. 

The  element  arsenic  is  like  a  metal  in  appearance,  but 
otherwise  it  possesses  few  metallic  properties.  Arsenious  oxide 
dissolves  in  water  to  yield  a  feebly  acid  solution,  whereas  the 
oxides  of  typical  metals  are  either  insoluble  or  give  alkaline 
solutions.  The  only  salts  known  in  which  the  arsenic  forms 
the  metallic  radical  are  the  chloride,  bromide,  and  iodide. 
Since  these  are  hydrolysed  in  solution  and  readily  deposit 
arsenious  oxide,  it  is  necessary  to  add  always  some  of  the 
corresponding  acid ;  for  instance,  arsenious  chloride  solution  is 
made  by  dissolving  arsenious  chloride  in  dilute  hydrochloric 
acid.  All  such  arsenious  solutions  therefore  are  strongly  acid 
to  litmus. 

Pharmacopceial  preparations — 

Arsenious  oxide  (commonly  called  "arsenic"),  As2O3 ; 
arsenious  chloride  solution,  AsCl3  ;  and  arsenious  iodide, 
AsI3. 

Reactions  of  Arsenious  Salts  in  Solution. 

Sodium  hydroxide  produces  no  precipitate.  Sodium 
halide1  and  sodium  arsenite  are  formed,  both  of  which  are 
soluble. 

Hydrogen  sulphide  produces  a  yellow  precipitate  of 
arsenious  sulphide,  insoluble  in  hydrochloric  acid,  but  soluble 
in  sodium  hydroxide. 

2AsCl3  +  3H2S  =  As2S3  +  6HC1. 
Ammonia  produces  no  precipitate. 

Dry  Reactions. 

Arsenic  compounds  readily  yield  the  metal  by  reduction, 
but  as  it  is  very  volatile,  it  passes  off  as  vapour  and  no  bead 
can  be  obtained. 

Flame  coloration. — Compounds  of  arsenic  give  a  bluish 
flame  coloration,  but  with  small  quantities  the  reaction  is  not 
well  marked. 

1  Halide  is  a  general  term  to  denote  chloride,  bromide,  or  iodide. 
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Heated  in  a  tube,  arsenic  compounds  usually  give  a  white 
sublimate  of  arsenious  oxide.  At  the  same  time  the  odour  of 
garlic  may  be  noticed ;  this  unpleasant  odour  is  characteristic 
of  the  vapour  of  arsenious  oxide. 

Detection  of  Arsenious  Salts  in  Analysis. 

Of  the  metallic  radicals  which  give  insoluble  sulphides, 
arsenic  alone  gives  no  precipitate  with  sodium  hydroxide. 
Cadmium  and  arsenious  sulphides  are  the  only  yellow  sulphides. 

The  only  possible  difficulty  in  the  detection  of  arsenic  is 
to  distinguish  between  an  arsenious  salt  and  an  arsenite  (for 
Reactions  of  Arsenites,  see  p.  125). 

Note. — If  the  substance  under  examination  has  been  proved 
to  be  an  arsenious  salt,  the  acidic  radical  must  be  a  chloride, 
bromide,  or  iodide. 

Special  Tests  for  Traces  of  Arsenic. 

The  following  special  tests  are  intended  to  be  used  for  the 
detection  of  traces  of  arsenic  in  any  form  of  combination  : — 

Bettendorjf  s  test. — To  one  or  two  drops  of  the  arsenic 
solution,  add  5  drops  of  stannous  chloride  solution  and  about 
5  c.c.  of  concentrated  hydrochloric  acid  and  warm  gently.  A 
brown  precipitate  or  a  brown  coloration  (according  to  quantity 
of  arsenic  present)  is  formed. 

Reinsck's  test. — If  a  strip   of  metallic  copper  is  placed  in  a 


Fig.  15. 

solution  acidified  with  hydrochloric  acid,  and  the  mixture 
warmed,  a  grey  deposit  is  formed  on  the  copper.  The  copper 
precipitate^  the  arsenic  and  alloys  with  it.  If  the  copper  strip 
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is  then  washed,  dried,  and  heated  in  a  narrow  tube,  open  at 
both  ends,  the  arsenic  is  volatilised  and  oxidised  to  arsenious 
oxide.  The  arsenious  oxide  collects  as  a  white  sublimate  on 
a  cooler  part  of  the  tube.  This  sublimate  when  examined  with 
a  lens  appears  crystalline.  This  test  is  very  sensitive. 


POTASSIUM. 

Potassium  salts  are  colourless  except  -in  cases  where  the 
acidic  radical — e.g.,  chromate — always  imparts  a  colour  to  the 
salt. 

All  the  common  salts  of  potassium  are  soluble. 

Pharmacopceial  preparations — 

Nearly  twenty  of  the  salts  of  potassium  are  pharmacopoeial 
preparations.  They  will  be  found  under  the  various  acidic 
radicals.  Jt  may  be  pointed  out  that  one  reason  for  the 
extensive  use  of  sodium  and  potassium  salts  as  drugs  is  their 
solubility,  since  soluble  salts  are  more  easily  absorbed  by  the 
body. 

Reactions  of  Potassium  Salts  in  Solution. 

As  all  the  common  salts  of  potassium  are  soluble,  no 
precipitates  are  obtained  with  any  of  the  usual  reagents. 

Sodium  hydrogen  tartrate  produces,  except  with  very 
dilute  solutions,  a  white  precipitate  of  potassium  hydrogen 
tartrate. 

KC1  +  NaHC.H.O.  =  KHC4H4O6  +  NaCl. 

This  precipitate  usually  appears  only  after  shaking  the  tube 
or  scratching  below  the  surface  of  the  liquid  with  a  glass  rod. 
No  precipitate  is  obtained  if  the  solution  contains  much  free 
mineral  acid. 

No  precipitate  is  obtained  with  strongly  alkaline  potassium 
salts  such  as  the  carbonate,  unless  sufficient  sodium  hydrogen 
tartrate  is  added  to  make  the  mixture  distinctly  acid. 

Dry  Reactions. 

Flame  coloration. — Potassium  salts  impart  a  lilac  colour 
to  the  Bunseii  flame.  Commercial  potassium  salts  usually 
contain  traces  of  sodium  salts  as  impurities,  and  the  lilac 
coloration  is  often  completely  masked  by  the  yellow  of  the 
sodium.  The  yellow  (sodium)  colour  can  not  be  seen  through 
cobalt-blue  glass,  whereas  the  lilac  (potassium)  colour  is  not 
cut  off,  though  it  appears  more  red  when  viewed  through  the 
blue  glass.  A  yellow  flame  coloration  should  therefore  always 
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be  examined  through  the  blue  glass,  and  if  a  red-violet  colour 
is  then  seen,  potassium  is  present  and  it  is  probable  that 
sodium  is  only  an  impurity. 

The  blue  glass  does  not  cut  off  the  light  from  flames  coloured 
by  other  metals  such  as  lithium  and  calcium,  but  by  its  means 
it  is  possible  to  distinguish  between  sodium  and  potassium. 

Detection  of  Potassium  in  Analysis. 

Lithium,  sodium,  and  potassium  are  the  only  radicals  which 
give  no  reactions  with  sodium  hydroxide  and  hydrogen  sulphide. 

A  potassium  salt  may  be  distinguished  from  both  lithium 
and  sodium  salts  by  the  flame  coloration  test. 

It  may  be  distinguished  also  from  a  sodium  salt  by  yielding 
a  precipitate  with  sodium  hydrogen  tartrate  ;  but  it  must  be 
remembered  that  almost  all  metallic  tartrate s  are  insoluble, 
so  that  this  test  is  only  to  be  used  to  distinguish  between 
sodium  and  potassium  when  from  previous  tests  it  is  known 
that  the  radical  must  be  one  or  other  of  these  two. 


SODIUM. 

Sodium  salts  are  largely  used  in  medicine,  and  many  are 
pharmacopceial  preparations.  As  their  medicinal  importance 
depends  on  the  nature  of  the  acidic  radicals,  they  are  given 
under  the  heading  of  the  various  acidic  radicals. 

Sodium  salts  are  usually  colourless. 

Reactions  of  Sodium  Salts  in  Solution. 

All  common  salts  of  sodium  are  soluble  in  water,  and 
sodium  salts  therefore  give  no  precipitates  with  any  of  the 
usual  reagents. 

Dry  Reactions. 

Flame  coloration. — Sodium  salts  impart  an  intense  yellow 
colour  to  the  Bunsen  flame.  The  colour  is  entirely  cut  off  when 
the  flame  is  observed  through  a  thick  piece  of  cobalt-blue  glass. 
If  it  is  found  that  the  cobalt  glass  does  not  completely  cut  off 
the  sodium  flame,  it  should  be  cut  in  two,  and  two  thicknesses 
used. 

Sodium  salts  give  no  metallic  bead  and  do  not  colour  a 
borax  bead. 

Detection  of  Sodium  in  Analysis. 

As  sodium  salts  are  all  soluble,  no  precipitate  is  obtained 
with  the  usual  reagents.  Sodium,  potassium,  and  lithium,  are 
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the  only  metallic  radicals  which  give  neither  hydroxide  nor 
sulphide  precipitates.  The  flame  coloration  test  is  characteristic, 
but  traces  of  sodium  are  present  in  most  commercial  potassium 
and  lithium  salts. 

With  a  pure  sodium  salt  the  yellow  coloration  persists  for 
some  time,  and  is  completely  cut  off  by  cobalt-blue  glass. 
Sometimes  the  flame  coloration  is  yellow,  but  when  viewed 
through  the  blue  glass  a  red  or  crimson  flame  is  observed.  In 
such  cases  lithium  or  potassium  is  present,  and  the  sodium 
is  an  impurity. 


LITHIUM. 

Lithium  salts  are  in  general  colourless. 

Most  salts  of  lithium  are  soluble.  Lithium  closely  resembles 
potassium  in  chemical  behaviour.  The  carbonate  and  phosphate 
are  sparingly  soluble. 

Pharmacopceial  preparations — 

Lithium      carbonate,       Li0CO3 ;       and      lithium       citrate, 
Li3C6H507,  4H20. 

Reactions  of  Lithium  Salts  in  Solution. 

Sodium  hydroxide  produces  no  precipitate,  as  the 
hydroxide  is  soluble. 

Hydrogen  sulphide  produces  no  precipitate. 

Potassium  carbonate  produces  with  concentrated 
solutions  a  white  precipitate  of  lithium  carbonate. 

2LiCl  +  K2CO3  =  Li,CO3  +  2KC1. 

Potassium  chromate  produces  no  precipitate  even  on 
heating  (distinction  from  strontium). 

Sodium  phosphate  produces  on  boiling  a  white  precipitate 
of  lithium  phosphate.  The  reaction  is  more  delicate  if  some 
sodium  hydroxide  is  added  at  the  same  time. 

SLiCl  +  Na2HPO4  +  NaOH  =  Li3PO4  +  SNaCl  +  H2O. 

Dry  Reactions. 

Lithium  compounds  are  not  reducible  to  metal  by  the  match 
test  and  do  not  colour  a  borax  bead. 

Flame  coloration. — Lithium  salts  impart  a  very  bright 
red  or  crimson  colour  to  the  Bunsen  flame. 

Detection  of  Lithium  in  Analysis. 

The  flame  coloration  will  suggest  that  the  metallic  radical 
is  lithium,  calcium,  or  strontium.  (With  most  calcium  salts, 
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the  flame  coloration  is  brick  red  rather  than  crimson.)  Lithium 
salts  give  no  precipitate  with  sodium  hydroxide  or  hydrogen 
sulphide,  which  distinguishes  them  from  all  radicals  except  the 
alkalis.  The  flame  coloration  test  provides  the  best  test  to 
distinguish  between  sodium,  potassium,  and  lithium. 


AMMONIUM. 

All  common  ammonium  salts  are  soluble  in  water,  and 
ammonium  salts  will  therefore  give  no  precipitates  with  any 
of  the  usual  reagents.  Ammonium  salts  are  in  general 
colourless. 

Phai-macopceial  preparations — % 

Ammonia  solution.     (Liquor  Ammonise.) 

Ammonium  chloride,  bromide,  phosphate,  carbonate,  acetate, 
and  oxalate  are  pharmacopoeial  preparations. 

It  may  be  mentioned  that  ammonium  salts  often  differ 
in  their  pharmacological  behaviour  from  sodium  and  potassium 
salts.  This  is  doubtless  due  to  the  fact  that  the  ammonium 
radical  is  a  complex  which  can  undergo  chemical  changes  in  the 
body. 

Reactions  of  Ammonium  Salts  in  Solution. 

Sodium  hydroxide,  on  boiling  with  an  ammonium  salt, 
liberates  ammonia  gas. 

NH4C1  +  NaOH  =  NaCl  +  N  H3  +  H2O. 

Ammonia  may  be  readily  recognised  by  its  odour,  and  by 
turning  moist  red  litmus  paper  blue. 

Nessler's  reagent  (p.  162)  produces  a  brown  coloration  or 
a  brown  precipitate  if  added  to  a  very  dilute  solution.  This 
precipitate  is  readily  soluble  in  ammonium  salts,  and  the  test 
should  therefore  be  applied  with  a  very  small  quantity  of  the 
solution  to  avoid  excess  of  ammonium  salts. 


Dry  Reactions. 

Ammonium  salts  give  no  flame  coloration  if  pure,  but 
usually  contain  sufficient  sodium  to  give  a  distinct  yellow 
flame. 

On  heating,  all  ammonium  salts  volatilise,  either  with  or 
without  decomposition.  Usually  the  odour  of  ammonia  will 
be  detected. 


io6  Special  Reactions  of  Metals 

Detection  of  Ammonium  Salts  in  Analysis. 

Ammonium  salts,  like  the  alkali  salts,  give  no  precipitates 
with  H2S,  NaOH,  or  other  common  reagent.  On  warming 
with  sodium  hydroxide,  ammonia  is  evolved.  This  is  character- 
istic and  should  be  unmistakable,  but  it  is  as  well  to  confirm 
with  Nessler's  test. 


SPECIAL   REACTIONS    OP    METALS. 

The  metals  are  elements  which  form  basic  oxides  and  act  as 
the  positive  radicals  of  salts. 

Metallic  lustre.  —  Most  metals  in  a  massive  form  exhibit 
a  characteristic  lustre,  and  are  re^adily  recognisable  as  metals 
from  their  appearance.  In  the  finely  divided  state  the  metal 
often  loses  its  metallic  lustre  and  forms  a  dull  black  powder. 

The  element  arsenic  is  the  only  non-metal  which  exhibits  a 
metallic  lustre. 

Distinctive  Properties. 

Mercury  is  the  only  metal  which  is  liquid  at  ordinary 
temperatures. 

Copper  is  a  reddish-coloured  metal. 

Lead  is  very  soft  and  may  be  easily  bent  or  flattened  by 
pressure  without  breaking.  It  leaves  a  grey  mark  when  rubbed 
on  paper. 

Sodium  and  potassium  interact  vigorously  (and  often 
explosively)  with  water,  giving  a  solution  of  the  hydroxide  and 
evolving  hydrogen. 

2Na  +  2H2O  -  2NaOH  +  H,. 

Magnesium  is  almost  unattacked  by  cold  water,  but  slowly 
interacts  with  hot  water.  It  is  dissolved  very  vigorously  by 
any  dilute  acid. 

All  other  common  metals  are  white  (unless  in  form  of  fine 
powder),  and  are  unatbacked  by  water. 

Reactions  of  Metals. 

Hydrochloric  acid  interacts  with  many  metals,  yielding  a 
salt  and  hydrogen,  e.g., 

=  ZnCl+H,. 


This    solution  contains   the   chloride   of  the  metal,  and  may 
therefore  be  used  for  analysis  ;    but  it  must  be  remembered 
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that  the  solution  probably  contains  excess  of  free  acid,  which 
may  interfere  with  some  reactions.  Any  substance  which 
yields  hydrogen  on  treatment  with  hydrochloric  acid  is  a 
metal  (see  also  p.  44). 

Nitric  acid,  if  not  too  dilute,  dissolves  any  of  the  common 
metals  with  the  exception  of  Tin,  which  is  converted  into 
white,  insoluble,  stannic  oxide.  The  solution  obtained  by 
dissolving  a  metal  in  nitric  acid  may  be  used  for  qualitative 
analysis,  but  it  must  be  remembered  that  excess  of  free  nitric 
acid  may  be  present.  As  a  rule,  no  hydrogen  is  obtained  when 
a  metal  is  dissolved  in  nitric  acid,  but  oxides  of  nitrogen  are 
evolved  (see,  for  example,  preparation  of  nitric  oxide,  p.  30). 


Acidic  Radicals 
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II.    REACTIONS    DUE    TO   NEGATIVE    OR   ACIDIC 
RADICAL. 

The  acidic  radicals  may  be  conveniently  divided  into  groups 
according  to  their  reactions  with  some  common  reagents. 


A.  On  treatment  with  dilute 
sulphuric  acid  a  recognisable 
gas  is  evolved  if  the  salt 
contains  one  of  the  following 
radicals : — 


Carbonate,  sulphide,  sul- 
phite, thiosulphate, 
hypochlorite,  nitrite, 
(chlorate),  acetate,  cy- 
anide. 


B.  Radicals  of  which  the  silver  salt 
is  insoluble  in  water  and  in- 
soluble in  nitric  acid  : — 


Chloride,     bromide, 
dide,  cyanide. 


10- 


C.  Radicals,  not  included  in  A,  of 
which  the  silver  salt  is  insol- 
uble in  water  but  soluble  in 
nitric  acid : — 


D.  Radical  of  which  the  barium  salt 
is  insoluble  in  water  and  in- 
soluble in  nitric  acid  : — 


Borate,  arsenite, 

arsenate,  chromate, 
phosphate,  hydroxide, 
oxalate,  and  salts  of 
other  organic  acids. 

Sulphate. 


E.   Radicals  of  which  all  the  com- 
mon salts  are  soluble  : — 


Permanganate,     nitrate, 
(chlorate,  acetate). 


Reactions  of  Carbonates  1 1 1 


CARBONATES. 

Carbonates  are  colourless,  except  in  cases  where  the  metallic 
radical,  e.g.,  the  cupric  radical,  imparts  a  colour  to  the  salt. 

Most  carbonates  are  insoluble.  The  carbonates  of  sodium, 
potassium,  and'  ammonium  are  soluble.  Lithium  carbonate  is 
sparingly  soluble.  Magnesium  carbonate  is  insoluble  in  water, 
but  soluble  in  solutions  of  ammonium  salts. 

Pharmacopceial  preparations — 

Basic  ferrous  carbonate  and  carbonates  of  bismuth,  lead,  zinc, 
magnesium,  potassium,  sodium,  and  ammonium,  are  among  the 
carbonates  which  find  medicinal  application. 

Reactions  of  Carbonates  in  Solution. 

All  carbonate  solutions  are  alkaline  to  litmus  paper. 

Dilute  sulphuric  acid  interacts  with  carbonates  with 
formation  of  carbonic  acid,  and  there  is  usually  evolution  of 
carbon  dioxide. 

K2C03  +  H2S04  -  K2S04  +  H2C03, 
H2CO3  =  H2O  +  CO2. 

If  the  solution  is  very  dilute,  no  carbon  dioxide  is  evolved 
until  the  solution  is  warmed.  The  carbon  dioxide  can  be 
detected  by  its  action  on  calcium  hydroxide  solution,  as  already 
described  on  p.  21. 

Silver  nitrate  produces  a  white  precipitate  of  silver  car- 
bonate, soluble  in  nitric  acid  with  evolution  of  carbon  dioxide, 
and  also  soluble  in  ammonia. 

K2C03  +  2AgN03  =  Ag2C03  +  2KNO3. 

On  warming,  the  precipitate  turns  brown  as  the  silver  carbonate 
is  partly  decomposed. 

Barium,  nitrate  produces  a  white  precipitate  of  barium 
carbonate,  soluble  in  acetic  acid. 

K2CO3  +  Ba(NO3)2  =  BaCO3  +  2KNO3. 

Reactions  of  Solid  Carbonates. 

Carbonates  of  the  alkalis  dissolve  in  water,  and  the  solution 
will  then  give  the  reactions  described  above. 

Solid  carbonates,  when  treated  with  dilute  hydrochloric  acid, 
effervesce  on  account  of  the  liberation  of  carbon  dioxide.  With 
a  few  native  carbonates  such  as  magnesite,  the  evolution  of  gas 
in  the  cold  is  slow. 


1 1 2  Reactions  of  Sulphides 


Dry  Reactions. 

Solid  carbonates  decompose  more  or  less  readily  on  heating 
into  the  oxide  and  carbon  dioxide.  In  cases  where  the  oxide 
and  carbonate  differ  in  colour,  there  is  therefore  a  change  in 
colour  on  heating,  e.g.,  with  lead  carbonate. 

PbCO3=PbO  +  CO2. 

Detection  of  Carbonates  in  Analysis. 

All  carbonates  yield  carbon  dioxide  on  treatment  with 
hydrochloric  acid,  and  usually  the  gas  is  evolved  without 
heating.  Brisk  effervescence  on  addition  of  acid  usually  means 
that  the  substance  is  a  carbonate. 

When  the  substance  under  examination  is  a  solid  insoluble 
in  water,  this  evolution  of  carbon  dioxide  on  treatment  with 
acid  provides  the  only  available  test  for  the  carbonate  radical, 
apart  from  the  decomposition  on  heating.  The  solution  obtained 
by  dissolving  in  acid  no  longer  contains  the  original  carbonate 
radical,  so  that  tests  with  this  solution  are  valueless. 

A  carbonate  is  usually  identified  by  proving  that  the 
gas  evolved  on  treatment  with  acid  is  carbon  dioxide.  If  a 
solution  in  water  can  be  obtained,  the  other  tests  given  above 
should  be  applied  to  provide  confirmatory  evidence. 


SULPHIDES. 

Hydrogen  sulphide  is  a  dibasic  acid,  and  both  normal  salts 
(such  as  K0S)  and  acid  salts  (such  as  KHS)  may  be  obtained. 
The  acid  salts  are  often  called  kydrosulphides,  i.e.,  KHS,  may  be 
called  potassium  hydrogen  sulphide  or  potassium  hydrosulphide. 

Both  the  sulphides  and  hydrosulphides  of  the  alkalis  are 
soluble ;  the  hydrosulphides  of  barium,  strontium,  calcium,  and 
magnesium  are  soluble.  Many  sulphides  are  decomposed  by 
water,  e.g.,  aluminium  sulphide. 

A12S3  +  6H2O  =  2A1(OH)3  +  3H2S. 

The  sulphides  of  the  heavy  metals,  such  as  lead  and  bismuth, 
are  insoluble. 

Pharmacopceial  preparations — 

None  of  pharmacopoeial  preparations  are  pure  sulphides,  but 
the  principal  ingredient  of  each  of  the  following  is  a  sulphide — 
Potassa  Sulphurata,  or  liver  of  sulphur,  is  a  mixture  of  potassium 
sulphide,  polysulphides,  and  thiosulphate. 
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Calx  Sulphurata  contains  about  50  per  cent,  of  calcium 
sulphide,  CaS,  with  calcium  sulphate  and  carbon. 

Antimonium  Sulphuratum  is  a  mixture  of  sulphides  and 
oxides  of  antimony. 

Reactions  of  Sulphides  (and  Hydrosulphides)  in 
Solution. 

The  solutions  are  alkaline  to  litmus,  even  in  the  case  of  the 
hydrosulphides  or  "acid  sulphides  "  (see  p.  15). 

Dilute  sulphuric  acid  produces  a  sulphate  and  hydrogen 
sulphide,  which  escapes  as  a  gas  on  warming  the  mixture. 

Na2S  +  H2S04  =  Na2S04  +  H2S. 

Hydrogen  sulphide  may  be  recognised  by  its  characteristic 
odour,  by  its  action  on  lead  acetate  paper,  which  it  blackens, 
and  by  its  reducing  action  on  ferric  ferricyanide  paper. 

Solutions  of  sulphides  which  have  become  yellow  through 
partial  oxidation  by  exposure  to  the  air,  give  a  white  precipitate 
of  sulphur,  in  addition  to  yielding  hydrogen  sulphide,  when 
treated  with  sulphuric  acid. 

Silver  nitrate  produces  a  black  precipitate  of  silver 
sulphide. 

Na2S  +  2AgNO3  =  Ag2S  +  2NaNO3. 

Barium  nitrate  does  not  give  a  precipitate  (unless  sulphate 
is  present  as  an  impurity). 

Detection  of  Sulphides  in  Analysis. 

Sulphides  in  solution,  and  most  solid  sulphides,  evolve 
hydrogen  sulphide  readily  on  treatment  with  hydrochloric 
acid.  Hydrogen  sulphide  is  readily  recognised  by  its  character- 
istic odour  and  action  on  lead  acetate  test  paper.  Many  of 
the  insoluble  sulphides  are  coloured,  and  if  the  acidic  radical 
has  been  proved  to  be  a  sulphide,  the  colour  will  often  suggest 
the  nature  of  the  metallic  radical. 


Colour  of  Sulphides. 

All  soluble  sulphides  are  colourless. 

Black — Sulphides  of  lead,  silver,  mercury,  copper,  bismuth, 

iron,  cobalt,  nickel. 
Brown — Stannous  sulphide. 
Yellow — Cadmium  sulphide  (very  bright  yellow),  arsenious 

sulphide. 

Orange — Antimonious  sulphide. 
Red — Native  mercuric  sulphide  (cinnabar). 

H 


ii4  Reactions  of  Sulphites 


SULPHITES. 

Sulphurous  acid  is  a  dibasic  acid,  and  two  sets  of  salts  may 
therefore  be  obtained.  Sulphites  are  in  general  colourless. 
The  common  sulphites  are  those  of  sodium,  potassium, 
ammonium,  and  magnesium,  all  of  which  are  soluble.  Sulphites 
of  other  metals  are  rarely  met  with,  and  the  majority  are 
insoluble. 

Sulphites  are  readily  oxidised  by  atmospheric  oxygen ; 
consequently,  sulphite  solutions  often  contain  sulphate  as 
impurity. 

Pharmacopceial  preparations — 

Sodium    sulphite,   Na2SO3,    7H2O;    and    sulphurous    acid, 
H2SO3  solution. 


Reactions  of  Sulphites  in  Solution. 

Solutions    of    metallic   sulphites    are    alkaline    to    litmus  ; 
sulphurous  acid  solution  is  acid  to  litmus. 

Dilute  sulphuric  acid  produces  a  sulphate  and  sulphurous 
acid. 

Na2SO3  +  H2SO4  =  Na2SO4  +  H2SO3. 

If  the  sulphite  solution  is  concentrated,  sulphur  dioxide  may  be 
evolved  with  effervescence,  but  with  dilute  solutions  the  gas  is 
only  given  off  on  warming. 

H2S03  =  S02  +  H20. 

Sulphur  dioxide  is  readily  recognised  by  its  odour  and  reducing 
action  on  potassium  permanganate  or  ferric  ferricyanide 
test  paper  (see  p.  161). 

Hydrogen  sulphide,  added  to  an  acidified  solution  of  a 
sulphite,  produces  a  white  precipitate  of  sulphur. 


Silver  nitrate,  added  slowly,  produces  a  local  white  pre- 
cipitate which,  on  shaking,  redissolves  in  excess  of  the  sulphite. 
The  precipitate  is  silver  sulphite  which  forms  a  soluble  complex 
salt  with  the  excess  of  the  sulphite.  Further  addition  of  silver 
nitrate  produces  a  permanent  precipitate  of  silver  sulphite, 
soluble  in  nitric  acid  and  in  ammonia. 

Na2SO3  +  2  AgNO3  =  Ag2SO3  +  2NaNO3. 
Silver  sulphite,  when  heated  with  water,  is  decomposed  with 
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formation  of  black  particles  of  metallic  silver,  silver  sulphate, 
and  sulphur  dioxide. 

2  Ag2SO3  =  2  Ag  +  Ag2SO4  +  SO2. 

Barium  nitrate  produces  a  white  precipitate  of  barium 
sulphite,  soluble  in  hydrochloric  acid. 

Na2SO3  +  Ba(NO3)2  =  BaSO3  +  2NaNO3. 

If  the  sulphite  contains  sulphate  as  impurity,  part  of  the 
precipitate  will  be  barium  sulphate,  and  this  portion  will  remain 
undissolved  on  treatment  with  hydrochloric  acid. 

Lead  acetate  produces  a  white  precipitate  of  lead  sulphite, 
PbSO3,  which  undergoes  no  change  on  heating  with  water 
(compare  with  thiosulphate). 

Detection  of  Sulphites  in  Analysis. 

The  sulphur  dioxide  evolved  on  treatment  with  acid  is 
readily  recognised  by  its  characteristic  odour  and  reducing 
properties.  The  reaction  with  silver  nitrate  is  characteristic. 
The  differences  in  behaviour  of  a  sulphite  and  a  thiosulphate 
should  be  noted,  as  in  many  cases  these  radicals  give  similar 
reactions. 


THIOSULPHATES. 

Thiosulphuric  acid  is  a  dibasic  acid,  but  the  acid  salts  are 
unstable.  Thiosulphuric  acid  itself  is  unstable  and  decomposes 
into  sulphur  and  sulphurous  acid.  Thiosulphates  are  in  general 
colourless. 

Most  thiosulphates  are  soluble.  Barium  thiosulphate  is 
sparingly  soluble  ;  silver  and  lead  thiosulphates  are  insoluble. 

The  only  common  thiosulphate  is  sodium  thiosulphate, 
Na2S2O3,  5H2O  (photographic  "hypo"),  but  thiosulphates  of 
potassium  and  ammonium  may  be  met  with  occasionally. 

Reactions  of  Thiosulphates  in  Solution. 
Dilute  sulphuric  acid  liberates  thiosulphuric  acid,  which 
decomposes    (more    quickly    on     warming)    into    sulphur    and 
sulphurous  acid. 

Na2S2O3  +  H2SO4  =  Na2SO4  +  H2O  +  SO2  +  S. 

The  sulphur  separates  as  a  fine  white  powder,  so  that  the 
mixture  appears  milky ;  the  sulphur  dioxide  is  evolved  on 
warming,  and  may  be  recognised  by  its  odour  and  reducing 
action. 


n6  Reactions  of  Thiosulphates 

Silver  nitrate,  added  in  small  amount,  produces  a  local 
white  precipitate,  which,  on  shaking,  redissolves  in  the  excess 
of  thiosulphate.  The  precipitate  is  silver  thiosulphate,  which  is 
readily  soluble  in  solutions  of  soluble  thiosulphates  on  account 
of  formation  of  a  soluble  complex  salt. 

On  addition  of  sufficient  silver  nitrate  the  whole  of  the 
thiosulphate  is  precipitated  as  the  silver  salt. 

Na2S2O3  +  2  AgNO3  =  Ag2S2O8  +  2NaNO3. 

(Note. — Most  insoluble  silver  salts,  including  the  bromide 
and  chloride,  dissolve  in  sodium  thiosulphate  solution — hence 
its  use  in  photography.) 

Silver  thiosulphate  is  quickly  decomposed  by  water,  with 
formation  of  black  silver  sulphide  and  sulphuric  acid.  The 
colour  of  the  precipitate  changes  from  white,  through  yellow 
and  brown,  to  black  during  this  decomposition. 

Ag2S2O3  +  H2O  =  Ag2S  +  H2SO4. 

Barium  nitrate  produces  a  white  precipitate  of  barium 
thiosulphate  with  concentrated  solutions,  but  with  dilute 
solutions  produces  no  precipitate. 

Lead  acetate  produces  a  white  precipitate  of  lead  thio- 
sulphate which,  however,  is  soluble  in  excess  of  sodium 
thiosulphate.  The  precipitate  which  forms  locally  on  addition 
of  a  little  lead  acetate  redissolves  on  mixing  with  more  of  the 
thiosulphate  solution.  If  this  solution  is  warmed,  decomposition 
occurs  with  precipitation  of  lead  sulphide  (black). 


Detection  of  Thiosulphates  in  Analysis. 

Thiosulphates  and  sulphites  both  evolve  sulphur  dioxide 
on  warming  with  acid,  but  with  a  thiosulphate  there  is  a 
simultaneous  precipitation  of  sulphur. 

The  reaction  with  silver  nitrate  is  characteristic. 


ACETATES. 

The  reactions  of  acetates  are  given  in  the  organic  section, 
p.  147. 
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HYPOCHLORITES. 

Pure  hypochlorites  are  almost  unknown,,  the  commercial 
hypochlorites  obtained  by  treatment  of  lime  or  sodium 
hydroxide  with  chlorine  being  mixtures  of  hypochlorites  and 
chlorides,  or  at  least  behaving  as  such  in  most  of  their 
reactions — for  example,  ordinary  " bleaching  powder"  has 
approximately  the  composition  given  by  the  formula  CaOCl9, 
but  from  the  point  of  view  of  its  analytical  reactions  may  be 
regarded  as  a  mixture  of  Ca(OCl)2  and  CaCl2. 

"  Bleaching  powder "  is  the  only  important  compound  of 
this  type,  but  sodium  hypochlorite,  NaOCl,  is  also  used  for 
bleaching  and  disinfecting  purposes. 

Pharmacopceial  preparations — 

Bleaching     powder,     CaOCl., ;     and     sodium     hypochlorite 
solution,  NaOCl  with  NaCl. 

Reactions  of  Hypochlorites  in  Solution. 

Solutions  of  hypochlorites  are  alkaline  to  litmus. 

Bleaching  solutions  usually  smell  of  hypochlorous  acid 
(something  like  chlorine,  but  less  pungent).  The  hypochlorous 
acid  is  liberated  by  the  action  of  carbonic  acid  absorbed  from 
the  air. 

Dilute  sulphuric  acid  liberates  chlorine  from  bleaching 
solutions.  Hydrochloric  acid  is  produced  from  the  chloride 
and  hypochlorous  acid  from  the  hypochlorite  ;  these  interact 
to  yield  chlorine. 

HCI+HC1O  =  C12  +  H2O. 

Silver    nitrate    produces   a   white   precipitate   of    silver 
chloride  even  if  no  chloride  is  contained  in  the  hypochlorite. 
SNaCIO  +  3AgNO3  -  2  AgCl  +  3NaNO3  +  AgClO3. 

Barium,  nitrate  produces  no  precipitate. 
Cobalt  nitrate  produces  a  black  precipitate  of  cobaltic 
hydroxide. 

Detection  of  Hypochlorites  in  Analysis. 

Bleaching  salts  usually  exhibit  a  slight  characteristic  odour 
of  hypochloroas  acid. 

Bleaching  salts  evolve  chlorine  on  treatment  with  dilute 
sulphuric  acid  or  hydrochloric  acid.  Chlorine  is  formed  also 
by  the  interaction  of  peroxides  with  hydrochloric  acid,  but  not 
with  any  other  acid. 

The  reaction  of  a  hypochlorite  with  cobalt  nitrate  is 
characteristic. 
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NITRITES. 

Nitrites  are  colourless. 

Almost  all  nitrites   are   readily  soluble.     Silver    nitrite    is 
sparingly  soluble. 

Pharmacopceial  preparation — 
Sodium  nitrite,  NaNO0. 

Reactions  of  Nitrites  in  Solution. 

Dilute  sulphuric  acid  liberates  nitrous  acid,  which  on 
warming  decomposes  into  nitric  oxide  and  nitric  acid. 

2KN02  +  H2S04  =  K2S04  +  2  HNO2, 
3HNO2  =  HNO3  +  H2O  +  2NO. 

Nitric  oxide  is  colourless,  but  combines  with  atmospheric  oxygen 
to  yield  brown  fumes  of  nitrogen  peroxide.  Nitrogen  peroxide 
may  be  recognised  by  its  colour,  odour,  and  by  turning  potassium 
iodide-starch  paper  blue. 

Silver  nitrate  produces  with  concentrated  solutions  a  white 
precipitate  of  silver  nitrite,  soluble  in  nitric  acid. 

KN02  +  AgN03  =  AgN02  +  KNO3. 

With  dilute  solutions  no  precipitate  is  formed,  as  silver  nitrite 
is  slightly  soluble. 

Barium  nitrate  produces  no  precipitate. 

Ferrous  sulphate  produces  a  brown  solution  ;  on  heating, 
a  brown  precipitate  of  basic  ferric  sulphate  is  produced  and 
nitric  oxide  is  evolved  as  gas. 


Detection  of  Nitrites  in  Analysis. 

The  evolution  of  oxides  of  nitrogen  on  treatment  with  dilute 
sulphuric  acid  is  characteristic  of  a  nitrite.  The  odour  and 
colour  of  the  gas  are  distinct,  and  should  be  unmistakable  ;  as 
confirmatory  evidence,  the  action  on  potassium  iodide-starch 
paper  may  be  tried. 

The  reaction  with  ferrous  sulphate  is  a  characteristic  test 
for  a  nitrite. 
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CHLORATES. 

Chlorates  are  in  general  colourless. 

Chlorates  are  soluble  in  water.  Some  chlorates,  when  added 
to  water,  form  basic  salts ;  these  are  soluble  on  addition  of 
chloric  acid. 

Pkarmacopceial  preparation — 
Potassium  chlorate,  KC1O3. 

Reactions  of  Chlorates  in  Solution. 

Hydrochloric  acid  liberates,  on  warming,  a  mixture  of 
chlorine  and  chlorine  peroxide.  This  mixture  of  gases  has  a 
characteristic  odour  which  differs  from  the  odour  of  chlorine 
alone.  It  turns  potassium  iodide-starch  paper  blue. 

Silver  nitrate  produces  no  precipitate. 

Barium  nitrate  produces  no  precipitate. 

WARNING. — The     following      experiment     is     safe  only      if 

performed   with  a  few  drops  of  solution  or  with  a  minute 

crystal  of  solid.      Use   of  larger   quantities    may  result    in 
a  violent  and  dangerous  explosion. 

Concentrated  sulphuric  acid  produces  a  yellow 
solution  due  to  chlorine  peroxide  dissolved  in  the  liquid. 
Some  of  the  chlorine  peroxide  is  liberated,  and  may  be 
recognised  by  its  characteristic  odour. 

Dilute  sulphuric  acid  liberates,  on  warming,  traces  of 
chlorine  and  chlorine  peroxide,  but  with  ordinary  dilute 
solutions  so  little  gas  is  evolved  that  it  is  almost  unrecognisable. 


Detection  of  Chlorates  in  Analysis. 

With  dilute  sulphuric  acid  it  is  unlikely  that  any  recognis- 
able quantity  of  gas  will  be  evolved,  though  a  slight  pungent 
odour  may  be  noticed.  With  hydrochloric  acid,  the  character- 
istic unpleasant  odour  of  a  mixture  of  chlorine  and  chlorine 
peroxide  will  be  readily  noticed.  The  odour  differs  from  that 
of  chlorine  obtained  by  the  interaction  of  hydrochloric  acid 
with  bleaching  solution,  and  a  chlorate  may  also  be  distinguished 
from  a  hypochlorite  by  yielding  no  precipitate  with  silver 
nitrate. 

The  action  of  concentrated  sulphuric  acid  is  characteristic, 
but  attention  may  be  directed  again  to  the  danger  of  explosion 
with  this  test. 
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SULPHATES. 

Sulphates  are  colourless  except  in  cases  where  the  metallic 
radical  yields  coloured  salts. 

Sulphuric  acid  is  dibasic,  and  two  sets  of  salts  are  therefore 
known  ;  the  normal  sulphates  are  the  more  important. 

Most  sulphates  are  soluble.  Mercurous  sulphate  and  the 
sulphates  of  lead,  barium,  and  strontium  are  insoluble ;  silver 
sulphate  and  calcium  sulphate  are  sparingly  soluble.  A  few 
sulphates  are  partly  decomposed  by  water,  with  formation  of 
basic  sulphate,  but  dissolve  in  dilute  sulphuric  acid. 

Pharmacopceial  preparations — 

The  sulphates  of  copper,  iron  (ferrous),  magnesium, 
potassium,  sodium,  and  zinc ;  concentrated  and  dilute  sulphuric 
acids. 

Reactions  of  Sulphates  in  Solution. 

Silver  nitrate  produces,  with  concentrated  solutions,  a 
white  precipitate  of  silver  sulphate. 

K2SO4  +  2  AgNO3  =  Ag2SO4  +  2KNO3. 

With  dilute  solutions  there  is  no  precipitation,  as  silver 
sulphate  is  slightly  soluble. 

Barium  nitrate  produces  a  white  precipitate  of  barium 
sulphate,  insoluble  in  boiling  hydrochloric  acid. 

K2S04  +  Ba(NO3)2  =  BaS04  +  2KNO3. 

Lead  acetate  produces  a  white  precipitate  of  lead  sulphate. 
K2S04  +  Pb(C2H302)2  =  PbS04  +  2KC2H302. 

Detection  of  Sulphates  in  Analysis. 

Sulphates  do  not  evolve  any  gas  on  warming  with  dilute 
sulphuric  acid,  and  with  ordinary  dilute  solutions  yield  no 
precipitate  with  silver  nitrate.  (Silver  sulphate,  precipitated 
from  a  concentrated  solution,  may  be  dissolved  by  addition  of 
warm  water,  thus  differing  from  the  ordinary  insoluble  silver 
salts.) 

Barium  sulphate  is  the  only  precipitate  obtained  with  barium 
nitrate  which  is  insoluble  in  dilute  hydrochloric  acid. 
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CHLORIDES. 

Most  chlorides  are  soluble  in  water.  Silver  chloride  and 
rnercurous  chloride  are  insoluble.  Lead  chloride  is  sparingly 
soluble  in  cold  water,  but  readily  soluble  in  hot  water. 
Chlorides  of  some  metals,  such  as  bismuth  and  antimony,  are 
decomposed  by  water,  with  formation  of  insoluble  basic  salts. 
The  basic  salts  dissolve  in  water  containing  hydrochloric  acid. 

Pharmacopceial  preparations — 

Hydrochloric  acid  solution,  HC1 ;  ferric  chloride  solution, 
FeCl3 ;  rnercurous  chloride  or  calomel,  HgCl ;  mercuric 
chloride  or  corrosive  sublimate,  HgCl.7 ;  sodium  chloride, 
NaCl ;  and  zinc  chloride,  ZnCl2. 

Reactions  of  Chlorides  in  Solution. 

Concentrated  sulphuric  acid  liberates  hydrochloric  acid, 
which  is  given  off  as  a  fuming  gas,  when  the  mixture  is  heated. 
It  can  be  recognised  by  its  characteristic  odour  and  acid 
reaction  with  litmus. 

2KC1  +  H2SO4  =  K,SO4  +  2HC1. 

Silver  nitrate  produces  a  white  curdy  precipitate  of  silver 
chloride,  which  darkens  in  colour  on  exposure  to  light.  It  is 
insoluble  in  nitric  acid,  but  readily  soluble  in  ammonia. 

KC1  +  AgN03  =  KN03  +  AgCl. 

Barium  nitrate  produces  no  precipitate. 

Chlorine  water  (p.  162)  gives  no  reaction.  (Distinction 
from  bromide  and  iodide.) 

Concentrated  sulphuric  acid  and  manganese  dioxide 
liberate  chlorine,  which  can  be  recognised  by  its  unpleasant 
odour,  greenish  colcfur,  and  action  on  potassium  iodide  test 
paper. 

2KC1  +  2  H,S04  +  MnO,  =  K2SO4  +  MnSO4  +  2H2O  +  C12. 

Detection  of  Chloride,  Bromide,  Iodide,  and  Cyanide 
in  Analysis. 

There  is  a  general  similarity  in  the  chemical  behaviour  of 
these  four  radicals,  and  in  the  solubilities  of  their  salts. 
Attention  may  therefore  be  directed  to  the  principal  points 
of  difference. 

Silver  nitrate  gives. with  a  chloride,  bromide,  iodide,  or 
cyanide,  a  precipitate  which  is  insoluble  on  boiling  with  nitric 
acid.  This  distinguishes  these  four  from  other  acid  radicals. 
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Silver  chloride  and  silver  cyanide  are  white,  and 
readily  soluble  in  ammonia. 

Silver  bromide  is  white  with  a  faint  yellow  tinge, 
and  is  sparingly  soluble  in  ammonia. 

Silver  iodide  is  light  yellow,  and  is  insoluble  in 
ammonia. 

Cyanides  give  the  "Prussian  blue  test."  (See  under 
Reactions  of  Cyanides,  p.  148.) 

Concentrated  sulphuric  acid  and  manganese  dioxide 
liberate  chlorine,  bromine,  and  iodine,  from  a  chloride,  bromide, 
and  iodide,  respectively. 

Chlorine  -water  with  a  chloride  gives  no  reaction ;  with  a 
bromide,  bromine  is  liberated  and  the  solution  becomes  yellow 
or  light  brown  in  colour;  and  with  an  iodide,  iodine  is 
liberated  and  the  solution  becomes  brown,  or  solid  iodine 
may  separate.  In  case  there  is  a  doubt  between  bromine  and 
iodine,  the  solution  should  be  heated  until  the  coloured  vapour 
can  be  seen.  Iodine  vapour  is  violet,  while  bromine  vapour 
is  light  brown. 

CYANIDES. 

The  reactions  of  cyanides  are  given  in  the  organic  section, 
p.  148.  The  tests  by  which  a  cyanide  may  be  distinguished 
from  a  chloride,  bromide,  or  iodide,  are  given  above. 


BROMIDES. 

Most  bromides  are  soluble  in  water. 

Silver  bromide,  mercurous  bromide,  and  lead  bromide  are 
insoluble.  Some  bromides  are  decomposed  by  water  with 
formation  of  insoluble  basic  salts ;  these  basic  salts  dissolve 
in  water  containing  hydrobromic  acid. 

Pharmacopceial  preparations — 

Hydrobromic  acid  solution,  HBr ;  ammonium  bromide, 
NH4Br  ;  potassium  bromide,  KBr ;  and  sodium  bromide, 
NaBr. 

Reactions  of  Bromides  in  Solution. 

Concentrated  sulphuric  acid  liberates  a  mixture  of 
bromine  and  hydrobromic  acid.  The  simplest  explanation  is 
that  sulphuric  acid  liberates  hydrobromic  acid,  and  then  oxidises 
most  of  it  to  yield  bromine. 

2KBr  +  H2S04  =  K2SO4  +  2HBr, 
2HBr  +  H2S04  -  SO2  +  2H2O  +  Br2. 
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Silver  nitrate  produces  a  precipitate  of  silver  bromide, 
which  is  insoluble  in  nitric  acid.  Silver  bromide  is  almost 
white,  but  shows  a  faint  yellow  tinge.  It  dissolves  in  ammonia, 
but  not  so  readily  as  silver  chloride. 

KBr  +  AgNO3  =  AgBr  +  KNO3. 

Barium  nitrate  produces  no  precipitate. 

Chlorine  "water  liberates  bromine,  which  imparts  a  yellow 
colour  to  the  solution,  and  may  also  be  recognised  by  its  odour, 
which  is  more  pungent  than  that  of  chlorine. 


, 

Concentrated  sulphuric  acid  and  manganese  dioxide 
liberate  bromine. 

Detection  of  Bromides  in  Analysis. 

Silver  nitrate  produces  with  a  chloride,  bromide,  iodide,  or 
cyanide,  a  precipitate  which  is  insoluble  in  nitric  acid.  The 
tests  to  distinguish  between  these  four  radicals  are  summarised 
on  p.  121. 


IODIDES. 

Most  iodides  are  soluble  in  water.  Mercurous  and  mercuric 
iodides,  and  the  iodides  of  silver,  lead,  and  bismuth  are 
insoluble  in  water. 

Pharmacopceial  preparations — 

Ferrous  iodide,  FeI2,  with  sugar ;  arsenious  iodide,  AsI3 ; 
lead  iodide,  PbI2 ;  sodium  iodide,  Nal ;  potassium 
iodide,  KI ;  and  mercuric  iodide,  HgI0. 

Reactions  of  Iodides  in  Solution. 

Concentrated  sulphuric  acid  liberates  iodine,  which 
colours  the  solution  brown,  and  gives  a  black  precipitate  if 
present  in  quantity.  On  heating  the  mixture,  the  iodine,  gives 
a  violet  vapour.  A  piece  of  moistened  starch  paper  held  in 
iodine  vapour  turns  blue. 

2KI  +  2H2S04  =  K2S04  +  2H2O  +  SO2  + 12. 

Silver  nitrate  produces  a  light  yellow  precipitate  of  silver 
iodide,  which  is  insoluble  in  hot  nitric  acid  and  in  ammonia. 

KI  +  AgNO3  =  KNO3  +  Agl. 
Barium  nitrate  produces  no  precipitate. 
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Chlorine  water  liberates  iodine,  which  gives  a  brown 
colour  to  the  solution  and  separates  as  a  black  precipitate  if 
present  in  quantity. 


Excess  of  chlorine  water  causes  the  iodine  to  redissolve, 
yielding  a  colourless  solution  of  iodic  acid. 

Mercuric  chloride  produces  a  precipitate  of  mercuric 
iodide,  which  is  yellow  at  first  but  almost  instantly  turns  red. 
Mercuric  iodide  dissolves  in  excess  of  potassium  iodide  to  form 
a  colourless  solution. 

2KI  +  HgCl2  =  2KC1  +  HgI2. 

Detection  of  Iodides  in  Analysis. 

Silver  nitrate  produces  with  a  chloride,  bromide,  iodide,  or 
cyanide,  a  precipitate  which  is  insoluble  in  nitric  acid.  The 
tests  to  distinguish  between  these  four  radicals  are  summarised 
on  p.  121. 


BORATES. 

Boric  acid  is  H3BO3,  but  borax  is  the  salt  of  a  hypothetical 
acid,  H2B4O7.  All  the  borates  may  be  regarded  as  derived 
from  boric  anhydride,  B2O3,  and  as  the  reactions  are  in  general 
very  similar  it  is  unnecessary  to  distinguish  between  the  various 
borates. 

Borates  are  in  general  colourless. 

The  only  soluble  borates  are  those  of  sodium,  potassium, 
and  ammonium.  Borax  is  Na.,B4(X,  and  is  the  only  common 
borate. 

Pharmacopceial  preparations — 

Boric    acid,    H3BO3 ;     and     sodium     biborate     or     borax, 
Na2B4O7,   10H2O. 

Reactions  of  Borates  in  Solution. 

Solutions  of  borates  are  alkaline  to  litmus. 

Silver  nitrate  produces,  except  in  very  dilute  solutions, 
a  white  precipitate  of  silver  borate,  which  turns  brown  on 
heating  through  decomposition  into  silver  oxide  and  boric  acid. 

Barium  nitrate  produces,  except  in  very  dilute  solutions, 
a  white  precipitate  of  barium  borate,  soluble  in  dilute  hydro- 
chloric acid. 
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Dry  Reactions. 

Flame  coloration. — Borates,  acidified  with  hydrochloric 
acid,  impart  a  green  coloration  to  the  Bunsen  flame. 

Special  flame  coloration  test. — If  a  small  quantity  of  a 
borate  (either  as  solid  or  in  solution)  is  mixed  with  2  or  3  c.c. 
of  concentrated  sulphuric  acid  and  some  alcohol,  the  mixture 
will  burn  with  a  green-edged  flame. 


Detection  of  Borates  in  Analysis. 

Borates,  like  barium  and  some  copper  salts,  give  a  green 
flame  coloration.  If  further  examination  shows  that  barium 
and  copper  are  absent,  confirmatory  tests  for  borate  should 
be  tried.  The  reaction  with  silver  nitrate  is  characteristic, 
as  is  also  the  special  flame  coloration  test  described  above. 


ARSENITES. 

The  arsenites  of  the  alkalis  are  soluble  and  colourless. 
Arsenious  oxide,  As2O3,  may  be  regarded  as  the  anhydride  of 
two  hypothetical  acids,  HAsO2  and  H3AsO3.  The  arsenites 
are  salts  corresponding  to  these  (unknown)  acids.  The  soluble 
arsenites  of  the  alkalis,  such  as  KAsO2,  correspond  to  the 
former  acid,  while  the  insoluble  arsenites  are  as  a  rule  of  the 
second  type,  e.g.,  Ag3AsO3. 

Reactions  of 'Arsenites  in  Solution. 

Solutions  of  arsenites  are  alkaline  to  litmus. 
Silver  nitrate    produces   a   yellow   precipitate   of    silver 
ortho-arsenite. 

K  AsO2  +  3  AgNO3  +  H2O  =  Ag3AsO3  +  KNO3  +  2HNO3. 

Copper  sulphate  produces  a  green  precipitate  of  cupric 
hydrogen  ortho-arsenite,  which  is  the  pigment  known  as 
Scheele's  green. 

KAsO2  +  CuSO4  +  H2O  =  CuH  AsO3  +  KHSO4. 

Barium  nitrate  may  produce  a  slight  white  precipitate  of 
barium  ortho-arsenite. 

Hydrogen  sulphide  produces  a  yellow  coloration  but  no 
precipitate.  The  yellow  coloration  is  probably  due  to  colloidal 
arsenious  sulphide,  which  is  precipitated  on  addition  of  hydro- 
chloric acid. 


1  26  Reactions  of  Ar  senates 

Detection  of  Traces  of  Arsenic  as  Arsenite. 

The  special  tests  given  on  p.  101  will  show  the  presence  of 
arsenic  in  any  form  of  combination,  but  give  no  evidence  as  to 
whether  it  was  present  as  arsenious  salt,  arsenite,  or  arsenate. 

Detection  of  Arsenites  in  Analysis. 

Arsenites  and  phosphates  yield  yellow  precipitates,  soluble 
in  nitric  acid,  with  silver  nitrate. 

Arsenites  are  the  only  salts  which  yield  a  green  precipitate 
with  copper  sulphate,  though  many  salts  give  blue  precipitates. 

Insoluble  arsenites,  when  dissolved  in  hydrochloric  acid, 
yield  a  chloride  of  the  metallic  radical  and  arsenious  chloride,  e.g., 


TJie  reactions  of  this  solution  are  those  of  arsenious  chloride 
and  not  those  of  an  arsenite. 


ARSENATBS. 

The  only  common  arsenates  are  those  of  sodium,  potassium, 
and  ammonium ;  these  are  colourless  and  soluble.  Most  other 
arsenates  are  insoluble. 

Pharmacopceial  preparations — 

Di-sodium  hydrogen  arsenate,  Na2HAsO4  ;  ferrous  arsenate, 
Fe3(AsO4)2,  6H2O,  is  the  main  constituent  of  Ferri 
Arsenas. 

Reactions  of  Arsenates  in  Solution. 

Silver  nitrate  produces  a  chocolate-brown  precipitate  of 
silver  arsenate,  soluble  in  nitric  acid. 

Na2H  AsO4  +  3  AgNO3  =  Ag3AsO4  +  2NaNO3  +  HNO3. 

Copper  sulphate  produces  a  pale  blue  precipitate  of  cupric 
mono-hydrogen  arsenate. 

Hydrogen  sulphide  produces  no  precipitate,  but  on 
addition  of  hydrochloric  acid  and  warming,  a  yellow  pre- 
cipitate of  arsenious  sulphide  is  produced.  The  hydrogen 
sulphide  first  reduces  the  compound  to  an  arsenious  salt,  which 
is  precipitated  as  sulphide  by  interaction  with  more  of  the 
hydrogen  sulphide. 

Barium  nitrate  may  or  may  not  produce  a  white  precipi- 
tate. Precipitates  are  obtained  with  a  normal  arsenate,  such 
as  K3AsO4,  or  with  a  mono-hydrogen  arsenate,  such  as 
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Na.7HAsO4,  but  no  precipitate  is  obtained  with  a  di-hydrogen 
arsenate,  such  as  KH2AsO4,  as  the  corresponding  barium  salt 
is  soluble.  In  all  cases  a  precipitate  is  obtained  if  ammonia  is 
added  to  produce  the  normal  salt. 


Detection  of  Traces  of  Arsenic. 

The  special  tests  given  on  p.  101  will  show  the  presence  of 
arsenic  in  any  form  of  combination. 

Detection  of  Arsenates  in  Analysis. 

The  reactions  with  silver  nitrate  and  of  the  acidified  solu- 
tion with  hydrogen  sulphide  are  characteristic  of  an  arsenate. 

Insoluble  arsenates,  when  dissolved  in  hydrochloric  acid, 
yield  a  solution  which  does  not  contain  an  arsenate,  and  will 
therefore  not  give  the  reactions  described  above.  Such  a 
solution  contains  arsenic  as  arsenic  chloride,  and  gives  an  imme- 
diate yellow  precipitate  of  sulphide  with  hydrogen  sulphide. 
If  the  solution  is  kept  cold,  the  sulphide  is  arsenic  sulphide ;  if 
warmed,  reduction  occurs  and  arsenious  sulphide  is  obtained. 


CHROMATES   AND    DICHROMATES. 

Chromic  anhydride,  CrO3,  may  be  regarded  as  the  anhydride 
of  two  acids,  H2CrO4  and  H2Cr267,  neither  of  which  is  known. 

The  chromates  and  dichromales  are  therefore  independent 
sets  of  salts  corresponding  to  these  two  hypothetical  acids. 

The  reactions  of  dichromates  are  in  general  the  same  as 
those  of  chromates. 

Most  chromates  and  dichromates  are  insoluble,  the  soluble 
salts  being  those  of  sodium,  ammonium,  potassium,  lithium, 
and  magnesium. 

Solid  chromates  are  yellow  or  red  ;  all  solutions  of  chromates 
are  yellow ;  dichromates  are  red,  both  in  the  solid  state  and  in 
solution. 

Pharmacopceial  preparations — 

Chromic    anhydride,    CrO3 ;     and     potassium    dichromate, 
K2Cr207. 

Reactions  of  Chromates  and  Dichromates  in  Solution. 

Hydrogen  sulphide  added  in  excess  to  an  acidified  .solution 
of  a  chromate  or  dichromate  causes  reduction  to  a  chromic 
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salt,  and    the    colour    therefore    changes    to   bluish-purple    or 
green. 

2K2CrO4  +  5H2SO4  +  3H2S  =  Cr2(SO4)s  +  2K2SO4  +  3S  +  8H,O. 

Other  reducing  agents  such  as  stannous  chloride  act  in  a 
similar  manner. 

Silver  nitrate  produces  a  bright  red  precipitate  of  silver 
chromate,  soluble  in  nitric  acid. 

K2Cr04  +  2  AgN03  =  Ag2CrO4  +  2KNO3. 

Barium  nitrate  produces  a  yellow  precipitate  of  barium 
chromate. 

Lead  acetate  produces  a  yellow  precipitate  of  lead 
chromate. 

Distinction  between  Chromate  and  Dichromate. 

Chromates  are  yellow,  but  become  red  on  acidifying, 
being  converted  into  dichromates ;  dichromates  are  reddish, 
but  become  yellow  on  addition  of  sodium  hydroxide,  being 
converted  into  chromates. 

2K0Cr04  +  H0S04  =  K2SO4  +  H2O  +  K2Cr2O7, 
K2Cr207  +  2KOH  =  2K2CrO4  +  H2O. 

Dry  Reactions. 

Since  the  dry  reactions  are  tests  for  elements  and  not  for 
radicals,  the  presence  of  chromium  will  be  indicated  by  the 
borax  bead  test  (see  under  Reactions  of  Chromic  Salts).  The 
presence  of  another  element  may  also  be  indicated  by  the  dry 
reactions  ;  thus  with  potassium  dichromate,  the  flame  coloration 
test  will  indicate  that  potassium  is  present,  while  the  borax 
bead  test  will  suggest  the  presence  of  chromium. 


Detection  of  Chromates  and  Dichromates  in  Analysis. 

If  the  substance  is  yellow  or  red  and  the  borax  bead  test 
shows  the  presence  of  chromium,  the  substance  is  a  chromate 
or  dichromate ;  chromic  salts  give  the  same  borax  bead  test, 
but  they  are  bluish-purple  or  green. 

The  colour  of  the  solution  is  of  assistance  in  analysis  as 
there  are  not  many  yellow  or  red  soluble  salts  (ferric  salts  are 
yellow  and  cobalt  salts  are  pink).  The  test  with  silver  nitrate 
is  characteristic. 


Reactions  of  Permanganates  129 


PERMANGANATES. 

The  only  common  permanganate  is  potassium  permanganate, 
but  a  solution  of  crude  sodium  permanganate  is  well  known  as 
"  Condy's  Fluid."  Permanganates  are  soluble  in  water,  and 
yield  dark  purple  solutions. 

Pharmacopceial  preparation — 

Potassium  permanganate,  KMnO4. 

Reactions  of  Permanganates  in  Solution. 

Hydrochloric  acid  liberates  chlorine,  which  is  readily 
recognised  on  warming  the  solution.  If  excess  of  the  acid  is 
added  the  permanganate  is  decolorised  on  warming. 

2KMn04+16HCl  =  2KCl  +  2MnCl2  +  8H20  +  5Cl2. 

If  insufficient  acid  is  added,  some  brown  hydrated  manganese 
dioxide  will  be  precipitated. 

Ferrous  sulphate  added  to  a  solution  which  has  been 
acidified  with  dilute  sulphuric  acid  is  oxidised  to  ferric  sulphate 
and  the  purple  colour  of  the  permanganate  disappears. 

2  K  MnO4  +  1  OFeSO4  +  8  H2SO4  =  K2SO4  +  2  MnSO4 

+  5Fe2(S04)3  +  8H20. 

If  insufficient  acid  is  added,  some  brown  hydrated  manganese 
dioxide  is  precipitated. 

Detection  of  Permanganates  in  Analysis. 

The  colour  of  a  permanganate  solution  is  so  characteristic 
that  110  difficulty  can  arise  in  its  detection. 

The  dark  colour  of  a  permanganate  solution  renders  the 
tests  for  the  metallic  radical  somewhat  troublesome.  It  is 
advisable  to  boil  with  hydrochloric  acid  until  all  the  per- 
manganate is  destroyed ;  this  solution  may  then  be  used  for 
the  examination  for  metallic  radicals,  but  it  must  be  remembered 
that  it  contains  manganous  chloride. 
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PHOSPHATES. 

Orthophosphoric  acid,  HgPO^  usually  referred  to  as  phos- 
phoric acid,  is  a  tribasic  acid,  and  there  are  therefore  three 
sets  of  salts  (see  p.  15). 

Phosphates  are  in  general  colourless. 

Most  phosphates  are  insoluble.  Phosphates  of  sodium, 
potassium,  and  ammonium  are  soluble,  but  lithium  phosphate 
is  insoluble ;  some  acid  phosphates  of  other  metals  are  also 
soluble,  but  all  other  normal  phosphates  are  insoluble. 

Pharmacopceial  preparations — 

Di-ammonium  hydrogen  phosphate  (NH4)2HPO4;  calcium 
phosphate,  Ca3(PO4)2 ;  and  di-sodium  hydrogen  phos- 
phate, Na2H  PO4.  Ferri  phosphas  is  a  mixture  of  ferrous 
and  ferric  phosphates. 

Reactions  of  Phosphates  in  Solution. 

Silver  nitrate  produces  a  yellow  precipitate  of  silver 
phosphate,  which  resembles  silver  iodide  in  colour,  but  may  be 
distinguished  by  its  solubility  in  nitric  acid  and  also  in 
ammonia. 

Na3PO4  +  3AgNO3  =  Ag3PO4  +  3NaNO8. 

Barium  nitrate  produces  a  white  precipitate  of  barium 
phosphate  or  of  a  barium  hydrogen  phosphate,  according  to 
the  nature  of  the  salt.  The  precipitate  is  soluble  in  nitric 
acid.  With  a  normal  salt  the  equation  for  the  reaction  is 
as  follows : — 

2Na3P04  +  3Ba(N03)2  =  Ba3(PO4)2  +  6NaNO8. 

Magnesia  mixture  produces  a  white  precipitate  of 
magnesium  ammonium  phosphate,  MgNH4PO4. 

Detection  of  Phosphates  in  Analysis. 

Phosphates  give  no  visible  reaction  with  hydrochloric  acid. 
Silver  nitrate  produces  a  yellow  precipitate  which  may  be 
distinguished  from  silver  iodide  by  its  solubility  in  nitric 
acid.  Silver  phosphate  resembles  silver  arsenite  in  colour  and 
solubility  in  nitric  acid,  but  a  phosphate  yields  a  blue  precipitate 
with  copper  sulphate,  while  an  arsenite  yields  a  green  precipi- 
tate (Scheele's  green). 
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NITRATES. 

Nitrates  are  in  general  colourless. 

All  nitrates  are  soluble,  but  mercuric  nitrate  and  a  few 
other  nitrates  are  partly  decomposed  by  water  with  precipitation 
of  insoluble  basic  salts,  which  may  be  brought  into  solution  by 
addition  of  nitric  acid ;  mercuric  nitrate  solution  is  therefore 
prepared  by  dissolving  mercuric  nitrate  in  dilute  nitric  acid. 

Pharmacopceial  preparations — 

Nitric  acid,  HNO3;  mercuric  nitrate  (in  nitric  acid  solution), 
Hg(NO3)9;  potassium  nitrate  (saltpetre),  KNO3 ;  and 
silver  nitrate  or  lunar  caustic,  AgN(J3. 

Reactions  of  Nitrates  in  Solution. 

As  all  nitrates  are  soluble,  there  are  no  precipitation  tests 
for  nitrates ;  they  are  recognised  by  the  oxidising  action 
of  nitric  acid  on  ferrous  sulphate. 

Reduction  by  ferrous  sulphate. — When  a  nitrate  is 
mixed  with  concentrated  sulphuric  acid,  nitric  acid  is  formed 
in  the  solution.  If  this  mixture*  is  cooled,  and  ferrous  sulphate 
solution  then  poured  in,  the  tube  being  held  in  a  sloping 
position,  so  that  two  layers  are  formed,  there  is  a  brown 
compound  formed  where  the  two  liquids  meet. 

The  chemical  changes  which  occur  are — (1)  formation  of 
nitric  acid  ;  (2)  reduction  of  the  nitric  acid  to  nitric  oxide  by 
the  ferrous  salt, 

2HNO3  +  6FeSO4  +  3H2SO4  =  2NO  +  3Fe2(SO4)3  +  4H2O ; 

and  (3)  formation  of  a  brown-coloured  compound  of  nitric 
oxide  with  another  portion  of  ferrous  sulphate.  This  brown 
compound  is  readily  decomposed  by  heat,  with  evolution  of 
the  nitric  oxide. 

The  above  test  is  often  referred  to  as  "the  brown  ring 
test." 

Detection  of  Nitrates  in  Analysis. 

Nitrates,  acetates,  and  chlorates  give  no  precipitates  with 
silver  nitrate  and  barium  nitrate.  The  colour  reaction  de- 
scribed above  is  obtained  only  with  a  nitrite  or  nitrate ;  but 
with  a  nitrite  there  is  liberation  of  oxides  of  nitrogen  on 
addition  of  the  sulphuric  acid.  Bromides  and  iodides  give 
brownish  colorations  with  concentrated  sulphuric  acid  through 
liberation  of  bromine  and  iodine  ;  they  differ  from  nitrates  by 
yielding  insoluble  silver  salts. 
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OXIDES   AND    HYDROXIDES. 
Oxides  of  Non-metallic  Elements. 

The  most  important  oxides  of  non-metallic  elements  have 
been  dealt  with  separately  (see  under  oxides  of  sulphur,  carbon, 
and  nitrogen). 

Metallic  Oxides  and  Hydroxides  Insoluble  in  Water. 

Most  metallic  oxides  and  hydroxides  are  insoluble  in  water, 
but  dissolve  readily  in  acids,  yielding  a  salt  and  water ;  e.g., 

CuO  +  2HCl  =  CuCl2+H20. 

With  a  pure  oxide  there  is  no  evolution  of  gas  on  treatment 
with  acid,  but  oxides  which  have  been  exposed  to  the  atmos- 
phere usually  contain  traces  of  carbonate,  formed  by  absorption 
of  carbon  dioxide.  With  such  samples  there  is  always  more 
or  less  carbon  dioxide  evolved  on  treatment  with  acid. 

Colour. —  Many  of  the  insoluble  oxides  and  hydroxides  are 
coloured.  The  following  list  includes  also  the  coloured  per- 
oxides : — 

Black  .          .          .     Oxides  of  cobalt,  and  nickel ;    cupric  and 

mercurous  oxide,  and  manganese  dioxide. 
Brown  .          .     Silver    oxide   and    hydroxide,    ferric    oxide 

and     hydroxide,    cadmium    oxide,    man- 

ganous  hydroxide  (when  partly  oxidised). 
Yellow          .         .     Mercuric  oxide  (precipitated),  lead  monoxide 

(PbO),  bismuth  oxide. 
Red      .         .         .     Mercuric   oxide,  red   lead   (Pb3O4),  cobalt 

hydroxide. 

Purple'brown       .     Lead  peroxide  (PbO2). 
Bluish-grey  .     Chromic  hydroxide  and  oxide. 

Blue     .          .          .     Cupric  hydroxide. 
Green  .         .     Ferrous  hydroxide  (when  partly  oxidised), 

nickel  hydroxide. 
White  .          .     All    common    oxides     and    hydroxides    not 

mentioned  above  are  white. 

Metallic  Oxides  Soluble  in  Water. 

The  oxides  of  the  alkalis  and  alkaline  earth  metals  interact 
with  water  to  yield  hydroxides  which  dissolve  in  water. 

The  hydroxides  of  sodium,  potassium,  lithium,  and 
ammonium  are  readily  soluble  in  water;  the  hydroxides  of 
calcium,  strontium,  barium,  and  magnesium  are  sparingly 
soluble. 
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Reactions  of  Hydroxides  in  Solution. 

Alkaline  reaction. — Hydroxides  which  dissolve  in  water 
in  all  cases  yield  a  solution  alkaline  to  litmus. 

Interaction  with  acids. — A  soluble  hydroxide  and  an 
acid  interact  to  form  a  salt  and  water.  The  salt  formed  by 
interaction  of  a  soluble  hydroxide  and  a  strong  acid,  such  as 
hydrochloric  acid,  is  neutral  to  litmus.  There  is  no  gas 
evolved  on  treatment  with  acid  unless  an  impurity  such  as 
carbonate  is  present. 

Silver  nitrate  produces,  with  a  solution  of  a  hydroxide,  a 
dark  brown  precipitate  which  is  probably  a  mixture  of  silver 
oxide  and  hydroxide.  This  precipitate  is  readily  dissolved  by 
dilute  nitric  acid. 

Mercuric  chloride  produces,  with  a  solution  of  a  hydroxide, 
a  yellow  precipitate  of  mercuric  oxide  (except  with  ammonium 
hydroxide,  with  which  a  white  precipitate  is  obtained). 

2KOH  +  HgCl2  =  HgO  +  2KC1  +  H2O. 


Peroxides. 

The  only  common  peroxides  are  hydrogen  peroxide  and  the 
peroxides  of  manganese,  lead,  barium,  and  sodium. 

Hydrogen  peroxide  will  be  met  with  only  in  solution.  It 
attacks  the  skin  and  hair,  which  quickly  acquire  a  bright  yellow 
colour.  On  evaporation  of  hydrogen  peroxide  solution,  there 
is  complete  decomposition  into  water  and  oxygen. 


Hydrogen  peroxide  oxidises  hydrochloric  acid,  with  liberation 
of  chlorine. 


Solid  peroxides,  when  strongly  heated,  yield  a  lower  oxide 
and  free  oxygen. 


2Pb02 

(Note.  —  Some    oxides,    such    as   mercuric    oxide,  also    yield 
oxygen  on  heating.) 

Hydrochloric    acid  warmed  with    a   peroxide    (either   in 
solid  state  or  in  solution)  yields  free  chlorine  and  a  chloride. 

Mn02  +  4HC1  =  MnCl2  +  C12  +  2H2O. 
This  reaction  distinguishes  a  peroxide  from  an  oxide. 
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Detection  of  Oxides,  Hydroxides,  and  Peroxides 
in  Analysis. 

Peroxides  produce  chlorine  on  treatment  with  hydro- 
chloric acid ;  chlorine  is  also  produced  by  the  interaction  of  a 
hypochlorite  and  hydrochloric  or  dilute  sulphuric'  acid,  but  a 
peroxide  produces  no  chlorine  with  dilute  sulphuric  acid. 

If  the  metallic  radical  is  known,  the  colour  of  the  substance 
will  provide  valuable  confirmatory  evidence ;  for  instance,  if 
the  metallic  radical  is  manganese,  the  peroxide  must  be  black. 

Soluble  Hydroxides  possess  a  strongly  alkaline  reaction 
and  give  a  dark  brown  precipitate  with  silver  nitrate.  It  must 
be  remembered  that  a  strongly  alkaline  reaction  to  litmus  is 
not  proof  that  the  substance  is  a  hydroxide,  as  many  salts  give 
an  alkaline  reaction.  If  no  other  acidic  radical  can  be  found, 
the  substance  must  be  an  oxide  or  hydroxide.  Many  oxides 
and  hydroxides  are  coloured,  and  the  colour  will  therefore  often 
provide  confirmatory  evidence  that  the  substance  is  an  oxide 
or  hydroxide. 

If  the  hydroxide  dissolves  in  water,  the  interaction  with 
mercuric  chloride  is  characteristic. 

It  is  not,  as  a  rule,  necessary  to  distinguish  between  an 
oxide  and  a  hydroxide,  unless  they  differ  in  colour. 


REACTIONS  OF  SOME  COMMON  ORGANIC 
COMPOUNDS 
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DISTINCTION   BETWEEN   ORGANIC   AND 
INORGANIC   COMPOUNDS. 

Organic  compounds  are  the  compounds  of  carbon,  and, 
strictly  speaking,  any  compound  containing  carbon  is  an 
organic  compound.  It  is  convenient,  however,  to  treat  certain 
of  the  very  simple  compounds  of  carbon,  such  as  the  carbonates, 
along  with  the  inorganic  compounds.  There  is  no  general 
convention,  however,  as  to  which  of  the  simple  compounds 
shall  be  included  with  inorganic  compounds,  and  in  this  text- 
book only  the  carbonates  have  been  placed  in  the  inorganic 
section.  A  substance  is  proved  to  be  an  organic  compound  if 
it  is  proved  to  contain  carbon  as  a  constituent.  A  separate 
test  should  be  made  to  ascertain  if  the  substance  is  a  carbonate, 
as  the  analysis  of  a  carbonate  is,  for  convenience,  treated  as 
pertaining  to  the  inorganic  section. 


THE   DETECTION   OP    CARBON   AND   OTHER 
ELEMENTS    IN   ORGANIC   COMPOUNDS. 

Carbon. 

Examination  of  a  Liquid. — If  a  liquid  is  under  examina- 
tion, a  small  portion  should  be  evaporated  to  dryness  in  a 
porcelain  basin.  Notice  the  odour  of  the  vapour  from  time  to 
time  during  the  evaporation  to  ascertain  if  anything  other  than 
the  solvent  is  driven  off. 

With  a  volatile  organic  liquid  there  will  be  no  residue.  If  a 
solid  residue  is  obtained,  examine  as  described  below. 

Examination  of  a  Solid. — The  presence  of  carbon  can 
usually  be  detected  by  heating  a  small  sample  of  the  dry  sub- 
stance in  a  tube.  Most  organic  substances  will  char  or  give  an 
odour  which  characterises  them  as  organic.  In  many  cases  the 
odour  is  characteristic,  and  the  student  should  train  himself 
to  recognise  these  odours,  as  they  often  provide  a  valuable  clue 
for  identification. 

Substances  which  are  wholly  organic  will  burn  away 
completely  when  heated  on  platinum  in  an  oxidising  flame. 
Ammonium  salts  and  a  few  other  inorganic  salts  also 
volatilise  completely  under  the  same  conditions,  so  that  it  is 
not  always  possible  to  prove  whether  a  substance  is  organic 
in  this  way.  If  it  does  not  burn  or  char,  and  leaves  no  residue 
on  the  platinum,  the  following  test  should  be  applied. 

Mix  the  dry  substance  with  about  four  times  its  weight  of 
copper  oxide,  and  introduce  the  mixture  into  a  small  hard 
glass  test-tube.  Fit  the  tube  with  a  cork  and  leading  tube, 
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so  that  any  evolved  gas  may  be  led  into  another  test-tube. 
Heat  the  mixture,  gently  at  first  and  then  strongly,  and  lead 
the  gases  given  off  through  lime  water.  Carbon  in  any  form 
is  oxidised  by  copper  oxide  to  carbon  dioxide,  and  this  will 
give  a  white  precipitate  with  the  lime  water.  This  is  a  certain 
test  for  carbon. 

Note. — If  the  substance  leaves  no  residue  when  heated,  arid 
is  not  organic,  it  will  probably  contain  ammonia,  mercury,  or 
arsenic,  and  tests  for  these  should  be  applied.  Jn  testing  for 
ammonia,  it  should  be  remembered  that  urea  will  also  give  off 
ammonia  when  heated  with  alkalis  or  their  solutions. 

Hydrogen. 

Substances  which  contain  hydrogen  yield  water  when 
heated  with  copper  oxide.  Hydrogen  and  water  are  so  often 
present  in  both  inorganic  and  organic  bodies,  that  the  test  is 
seldom  used. 

Nitrogen. 

(I.)  Soda-lime  test. — Mix  a  small  sample  of  the  substance 
with  soda-lime,  and  heat  the  mixture  in  a  test-tube.  Evolution 
of  ammonia  indicates  the  presence  of  nitrogen.  The  ammonia 
may  be  recognised  by  its  odour  and  by  its  action  on  red 
litmus  paper.  Many  organic  nitrogen  compounds  do  not  give 
ammonia  by  this  test. 

(II.)  Cyanide  test. — Most  organic  substances  which  con- 
tain nitrogen  yield  sodium  cyanide  when  heated  with  metallic 
sodium.  Place  a  small  sample  of  the  substance  in  a  narrow 
test-tube,  and  add  a  piece  of  sodium  about  the  size  of  a  small 
pea.  The  sodium  should  be  dried  on  filter  paper  before  use, 
to  remove  the  oil.  Heat  the  tube  gently  for  a  minute,  and 
then  strongly.  The  heating  should  be  continued  until  no 
further  action  will  occur.  Errors  are  often  caused  by  insuffi- 
cient heating,  so  it  may  be  emphasised  that  it  is  impossible 
to  heat  too  strongly.  Cool  the  tube  somewhat,  but  before  it 
is  quite  cold  plunge  the  end  into  about  10  c.c.  of  water  in  a 
porcelain  basin.  The  tube  will  fall  to  pieces.  Boil  the  mixture 
of  water,  charred  residue,  and  broken  glass  for  a  minute  and 
filter  the  hot  solution  into  a  test-tube.  (If  the  filtrate  is 
coloured,  the  heating  has  been  insufficient.)  To  the  clear 
filtrate  add  a  few  drops  each  of  ferrous  sulphate  and  ferric 
chloride,  and  heat  until  boiling.  There  will  always  be  a  pre- 
cipitate of  ferrous  and  ferric  hydroxide  at  this  stage.  Add 
hydrochloric  acid  until  the  solution  is  acid,  when  a  blue 
coloration  or  a  blue  precipitate  shows  that  nitrogen  was  present 
in  the  original  substance.  (A  red  coloration  indicates  that  the 
substance  contained  both  nitrogen  and  sulphur.) 
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CANE   SUGAR,  C12H22On. 

Cane  sugar,  also  known  as  sucrose,  is  usually  obtained  in 
transparent  crystals,  which  are  readily  soluble  in  water. 

The  reactions  of  cane  sugar  agree  in  many  cases  with  those 
of  glucose.  It  is  advisable,  therefore,  to  try  the  same  tests 
with  each  substance  and  compare  the  results. 

Heated  alone  in  a  tube  or  on  platinum  foil,  it  melts, 
blackens,  and  gives  a  characteristic  odour.  In  the  air  it  burns 
readily. 

Concentrated  sulphuric  acid  chars  cane  sugar  slowly  in 
the  cold,  but  quickly  on  gentle  warming. 


Reactions  of  an  Aqueous  Solution  of  Cane  Sugar. 

I.  Add    one   or   two    drops    of  copper    sulphate    and   then 
sodium   hydroxide   until    the   precipitate   which   first   forms   is 
completely  redissolved.     This  solution  gives  no  precipitate  of 
cuprous    oxide    on    warming,    though    a    precipitate    may    be 
obtained  after  long  boiling.     (Distinction  from   glucose,  with 
which  the  precipitation  is  immediate.) 

II.  Add    sodium    hydroxide,    and    boil ;    the    solution   only 
darkens    slightly,    if    at    all,    in    colour.       (Distinction    from 
glucose.) 

III.  Add  dilute  hydrochloric  acid,  and  boil  for  some  time. 
The  cane  sugar  is  "inverted,"  and  the  solution  now  contains 
glucose  and  levulose.     Test  for  these  by  reduction  of  alkaline 
copper  sulphate  solution. 

C12H22On   +    H20   -    C6H12CV+    C6H120C. 

(Cane  sugar.)  (Glucose.)  (Levulose.) 


GLUCOSE,  CflH1206. 

Glucose,  also  known  as  grape  sugar  and  as  dextrose,  is 
a  white  powder  which  is  very  soluble  in  water.  A  concentrated 
solution  of  dextrose  is  syrupy,  like  glycerine. 

Heated  on  platinum  foil,  glucose  melts,  froths,  and  chars 
readily,  and  gives  the  odour  of  burning  sugar.  On  continued 
heating,  pure  glucose  burns  away  completely,  though  with 
most  commercial  samples  a  little  white  ash,  due  to  impurity, 
will  be  left. 

Concentrated  sulphuric  acid  does  not  blacken  glucose 
in  the  cold  (distinction  from  cane  sugar),  but  blackens  it  readily 
on  heating. 
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Reactions  of  an  Aqueous  Solution  of  Glucose. 

Add  excess  of  sodium  hydroxide  solution,  and  boil.  The 
liquid  turns  brown  much  more  readily  than  does  a  cane  sugar 
solution. 

Add  a  few  drops  of  copper  sulphate  and  then  sodium 
hydroxide  until  the  blue  precipitate  which  first  forms  is 
redissolved.  On  warming  this  blue  solution  there  is  an 
immediate  precipitation  of  yellow  and  then  red  cuprous  oxide. 
(Compare  with  Cane  Sugar.) 

Fermentation  of  Glucose  by  Yeast. 

The  glucose  solution  provided  contains  about  200  grams 
glucose,  with  a  trace  of  calcium  sulphate  and  ammonium 
phosphate,  per  litre.  Place  50  c.c.  of  this  in  a  small  flask, 
add  5  c.c.  of  yeast,  and  plug  the  mouth  of  the  flask  loosely  with 
cotton-wool.  Label  the  flask  with  your  name  and  the  date 
and  set  aside  for  three  or  four  days.  Note  each  day  the  changes 
that  have  occurred. 

After  a  few  days  fermentation  will  be  complete. 

(1)  Test  the  gas  in  the  flask  to  prove   that   it    is  carbon 

dioxide. 

(2)  Fit  the  flask  with  a  rubber  cork  and  bent  tube,  and 

heat   the    flask   gently,    catching    the    distillate    in   a 
test-tube. 

Prove  that  the  distillate  contains  alcohol. 


STARCH,  (C6H1005)rt. 

Starch  is  a  white  solid  which  shows  no  signs  of  crystalline 
form.  It  does  not  dissolve  in  cold  water,  but  when  mixed  with 
a  little  cold  water  it  forms  a  somewhat  sticky  mass. 

Boil  a  little  with  water.  It  forms  a  slightly  opalescent 
solution  which  on  cooling  sets  to  the  well-known  starch  paste. 

To  a  few  drops  of  very  dilute  starch  paste  add  one  drop  of 
iodine  solution.  An  intense  blue  colour  is  obtained,  which 
disappears  on  warming,  but  reappears  on  cooling.  This  is 
the  most  characteristic  test  for  starch. 

Hydrolysis  of  starch. — Boil  a  little  starch  with  some  dilute 
sulphuric  acid  for  about  five  minutes.  A  clear  solution  is 
obtained  which  contains  glucose  and  will  no  longer  give  the 
reactions  of  starch.  Divide  the  solution  into  two  parts  and 
test  one  portion  with  iodine  to  prove  the  absence  of  starch. 
Test  for  glucose  in  the  second  portion  by  alkaline  copper 
sulphate,  as  follows  : — 
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Add  two  drops  of  copper  sulphate  and  then  sodium 
hydroxide  until  a  clear  blue  solution  is  obtained.  Warm 
the  mixture,  and  cuprous  oxide  separates  immediately  as 
a  red  powder.  This  reduction  is  due  to  the  presence  of 
glucose,  formed  from  the  starch  by  boiling  with  acid. 

The  starch  is  said  to  be  "  hydrolysed  "  by  the  action  of  dilute 
acids.     The  simplest  equation  for  this  reaction  is  as  follows  : — 


For    the    explanation    of   hydrolysis,    a    text-book    of    organic 
chemistry  should  be  consulted. 

Experiments  with  Potatoes. 

The  starch  granules  in  potatoes  are  contained  in  small 
cells  of  cellulose,  and  the  starch  cannot  be  brought  into 
solution  until  the  cell  walls  are  broken  up.  By  boiling  the 
potatoes,  the  cells  are  ruptured  and  the  starch  can  then  be 
brought  into  solution. 

(1)  Shake  a  few  small  pieces  of  potato  with  cold  water  and 

test  the  liquid  for  starch. 

(2)  Boil  a   small  portion  of  potato  with   water  and   again 

test  for  starch. 


Experiments  with  Bread. 

(1)  Boil  some  bread-crumbs  with  water,  and  test  the  liquid 

for  starch. 

(2)  On  heating,  starch  is  partially  converted  into  dextrin. 

The  brown  portion  of  toast  therefore  contains  dextrin 
(see  p.  56  of  Walker's  Organic  Chemistry}.  Slice  off 
the  brown  layer  from  some  toast,  boil  with  water, 
drain  off  some  of  the  liquid,  and  test  with  alkaline 
copper  sulphate. 

Catalysts,  Ferments,  and  Enzymes. 

Catalysts.  —  Under  the  reactions  of  starch,  it  has  been 
shown  that  dilute  mineral  acids  have  the  power  of  hydrolysing 
starch,  according  to  the  equation  :  — 


It  will  be  noticed  that  the  acid  does  not  appear  in  the  equation, 
although  the  presence  of  acid  is  necessary  for  the  reaction  to 
proceed.  Substances  which  act  in  this  way,  i.e.,  substances 
which  influence  a  reaction  without  themselves  undergoing  any 
change  so  far  as  shown  by  the  equation  for  the  reaction,  are 
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known  as  catalysts.  Dilute  acids  are  said  to  catalyse  the 
hydrolysis  of  starch. 

Ferments. — Many  chemical  reactions  (more  particularly 
organic  reactions)  can  be  brought  about  by  the  intervention  of 
micro-organisms.  Micro-organisms  which  cause  such  chemical 
changes  are  called  ferments,  and  the  reactions  brought  about 
by  ferments  are  known  as  fermentation  reactions.  The  best 
known  example  is  the  fermentation  of  glucose,  the  ferment 
in  this  case  being  yeast. 

It  is  possible  to  obtain  very  different  products  from  the  one 
substance  by  the  use  of  different  ferments. 

Enzymes. — Enzymes  are  organic  substances  (usually  of  a 
very  complex  character)  which  have  the  power  of  catalysing 
certain  reactions.  The  active  principle  of  a  ferment  consists  of 
one  or  more  enzymes,  each  enzyme  being  able  to  bring  about 
a  particular  reaction.  Many,  if  not  most,  of  the  chemical 
reactions  which  occur  in  living  organisms  are  due  to  the 
catalytic  action  of  various  enzymes.  The  action  of  the  various 
digestive  fluids,  such  as  the  saliva  and  the  gastric  juice,  has 
been  found  to  be  due  mainly  to  enzymes  contained  in  them. 

It  is  a  curious  fact  that  enzymes,  as  a  rule,  can  only  exert 
their  catalytic  power  within  a  very  small  range  of  temperature 
and  under  sharply  denned  conditions  of  acidity  or  alkalinity. 

Experiments  with  Saliva. 

The  enzyme  present  in  saliva  has  the  power,  in  slightly 
alkaline  solution,  of  hydrolysing  starch.  The  reaction  normally 
occurs  very  fast,  though  the  catalytic  power  of  saliva  appears 
to  vary  very  much  with  different  individuals.  The  enzyme  in 
saliva  cannot  hydrolyse  starch  in  even  faintly  acid  solution, 
and  acid  is  therefore  said  to  inhibit  the  action  of  this  enzyme. 

For  the  following  experiments,  any  dilute  starch  solution 
may  be  used  ;  a  suitable  solution  may  be  prepared  by  boiling 
10  grams  of  arrowroot  starch  with  water  and  diluting  to  1  litre 
with  cold  water. 

Reaction  of  saliva. — Moisten  a  piece  of  red  and  a  piece 
of  blue  litmus  paper  with  saliva.  Normal  saliva  is  slightly 
alkaline. 

Hydrolysis  of  starch  by  saliva.— (1)  To  a  few  c.c.  of 
the  starch  solution,  add  a  few  drops  of  dilute  iodine  solution. 
A  strong  blue  colour  should  be  obtained. 

(2)  In  a  clean  test-tube,  place  about  10  c.c.  of  the  starch 
solution.  Pour  this  into  the  mouth  and  keep  it  there  for  one 
or  two  minutes.  Then  return  it  to  the  test-tube,  and  test  for 
starch  with  iodine.  If  the  saliva  is  normal,  no  blue  colour  will 
be  obtained. 

Inhibition  with  acid. — To  about  10  c.c.  of  starch  solution 
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in  a  test-tube,  add  5  to  10  drops  of  dilute  acetic  acid.  Pour 
this  into  the  mouth,  return  it  to  the  test-tube  after  one  or  two 
minutes,  and  test  for  starch  with  iodine.  In  this  case  the  blue 
colour  will  be  obtained,  as  the  action  of  the  saliva  is  inhibited 
by  the  presence  of  the  acetic  acid. 


GLYCBROL,  C3H5(OH)3. 

Glycerol  is  a  syrupy,  colourless  liquid  which  mixes  readily 
with  water.  It  has  a  sweet  taste. 

Heat  a  little  on  platinum  foil,  and  note  that  it  burns  readily. 

Concentrated  sulphuric  acid  causes  charring  on 
warming. 

Sodium  hydroxide  causes  no  darkening  when  warmed 
with  glycerine.  (Distinction  from  glucose.) 

Acrolein  test. — Add  about  1  c.c.  of  concentrated  sulphuric 
acid  to  two  or  three  drops  of  glycerol,  and  warm  gently. 
The  glycerol  is  decomposed  and  acrolein  is  given  off. 
Acrolein  is  a  vapour  with  a  characteristic  odour  and  action  on 
the  eyes. 

C3H5(OH)3  =  C2H3COH  +  2H2O. 

Glycerol  may  readily  be  distinguished  from  solutions  of 
glucose  or  cane  sugar,  since  it  does  not  reduce  alkaline  copper 
sulphate,  either  before  or  after  boiling  with  acid. 


ETHYL   ALCOHOL,    C2H5OH. 

Ethyl  alcohol  is  a  light  liquid  which  is  miscible  in  all 
proportions  with  water.  In  dilute  solutions  it  is  most  easily 
recognised  by  its  odour  and  by  the  iodoform  reaction.  When 
not  mixed  with  too  much  water  it  will  burn  with  a  colourless 
flame. 

Iodoform  reaction. — To  a  few  drops  of  a  dilute  alcohol 
solution  add  about  five  drops  of  sodium  hydroxide  solution  and 
then  concentrated  iodine  solution  until  the  solution  is  yellow. 
On  warming  the  mixture,  iodoform  is  produced,  and  may  be 
recognised  by  its  characteristic  odour.  It  forms  a  light  yellow 
precipitate,  but  may  not  separate  until  the  solution  is  cooled. 

C2H5OH  +  4I2  +  GNaOH  =  CHI3  +  NaCHO2  +  5NaI  +  5H2O. 

Iodoform  is  soluble  in  alcohol,  and  no  precipitate  will  be 
obtained  if  a  concentrated  alcohol  solution  is  used.  If  the 
solution  is  yellow,  but  there  is  no  precipitate,  cool,  and  add 
several  times  as  much  water,  when  iodoform  will  separate. 

Ethyl  acetate. — To  1  c.c.  of  alcohol  add  about  an  equal 
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bulk  of  a  solid  acetate  and  2  c.c.  of  concentrated  sulphuric 
acid.  Shake,  and  then  warm  gently.  The  characteristic  fruity 
smell  of  ethyl  acetate  will  be  noticed.  The  sulphuric  acid 
acts  as  a  dehydrating  agent. 

C2H5OH  +  CH3COOH  =  CH3COOC2H5  +  H2O. 

(Alcohol.)  (Acetic  acid.)  (Ethyl  acetate.) 

Ether. — To  a  few  drops  of  alcohol  add  an  equal  volume  of 
concentrated  sulphuric  acid.  After  warming  together  the*  smell 
of  ether  will  be  noticed. 


CHLOROFORM,  CHC13. 

Chloroform  is  an  oily  liquid  with  a  characteristic  smell. 

Shake  a  few  drops  of  chloroform  with  about  5  c.c.  of  water. 
The  chloroform  is  almost  insoluble  in  the  water,  and  being 
heavier  than  the  water  it  collects  at  the  bottom.  Pour  off 
some  of  the  water  and  test  it  for  chloride  with  silver  nitrate. 
If  the  chloroform  is  pure  no  precipitate  will  be  obtained. 

Place  one  drop  of  chloroform  in  a  porcelain  basin,  add  a  few 
drops  of  sodium  hydroxide  and  sufficient  alcohol  to  give  a 
mixture  that  will  burn.  To  the  residue,  add  excess  of  nitric 
acid  and  then  test  for  presence  of  a  chloride  with  silver  nitrate. 

Burn  a  mixture  of  a  few  drops  of  chloroform  with  some 
alcohol  in  a  porcelain  basin.  Notice  that  the  fumes  smell  of 
hydrochloric  acid.  Hold  a  piece  of  wet  blue  litmus  paper  above 
the  flame  and  note  the  reaction. 


IODOPORM,  CHI3. 

lodoform  is  the  iodine  compound  which  corresponds  to 
chloroform.  It  is  a  crystalline  solid,  with  a  clear  yellow  colour 
and  a  characteristic  odour.  It  is  insoluble  in  water,  but  readily 
soluble  in  alcohol. 

Heated  alone  part  of  it  sublimes  unchanged,  but  part  is 
decomposed,  and  the  vapour  exhibits  the  characteristic  violet 
colour  of  iodine. 

Place  a  crystal  in  a  porcelain  basin,  add  a  little  sodium 
hydroxide,  with  four  times  as  much  alcohol,  and  light  the 
mixture.  Add  excess  of  nitric  acid  and  then  test  for  presence 
of  an  iodide  with  silver  nitrate. 
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UREA, 

Urea  forms  transparent  crystals  which  are  very  soluble  in 
water  and  alcohol. 

Boiled  with  sodium  hydroxide  ammonia  is  given  off,  and  the 
reactions  by  which  it  may  be  distinguished  from  an  ammonium 
salt  must  therefore  be  noted. 

Biuret  reaction.  —  When  some  solid  urea  (or  the  residue 
from  a  solution  after  evaporation)  is  heated,  it  melts  readily  and 
evolves  ammonia.  If  it  is  kept  just  hot  enough  to  keep  it 
fused  for  a  few  minutes,  and  then  cooled,  the  residue  will  be 
found  to  contain  biuret. 

2CO(N  H2),  -  C2H5N3O2  +  N  H3. 

Biuret  is  easily  recognised  by  dissolving  the  residue  in  two 
or  three  drops  of  sodium  hydroxide  and  adding  one  drop  of 
copper  sulphate.  A  violet-pink  coloration  is  produced. 

Urea  when  heated  for  some  time  yields  first  biuret,  and  then 
by  further  decomposition,  cyanuric  acid,  which  is  a  white 
infusible  solid. 

Reactions  of  a  Solution  of  Urea. 

1.  Concentrated    sulphuric    acid    does   not    cause    any 
blackening,  but  if  the  mixture  is  heated  for  some  time,  there  is 
an  evolution  of  carbon  dioxide. 

2.  Add    some    bleaching    solution     and    warm    gently. 
Nitrogen  is  evolved.     (The  evolution  of  a  gas  will  be  noticed, 
but   there    is    no    convenient    test    to    prove    that   the    gas    is 
nitrogen.) 


PHENACETINE,  (para}  C6H4 


NH.C2H30 


Phenacetine  is  a  white  crystalline  powder  which  is  insoluble 
in  cold  water,  and  slightly  soluble  in  hot  water.  It  dissolves 
readily  in  alcohol. 

Dilute  nitric  acid  boiled  with  phehacetine  gives  an  orange 
solution  from  which  yellow  crystals  separate  on  cooling. 

Hydrochloric  acid  dissolves  phenacetine  on  warming. 
Most  of  the  phenacetine  separates  as  the  solution  cools.  Filter 
the  cold  solution  and  try  the  following  reactions  with  this 
solution  :  — 

(1)  Add  a  few  drops  of  potassium  chromate.     The  solution 

acquires  a  deep  red  colour,  which  disappears  on  boiling. 

(2)  To  another  portion,  add  ferric  chloride  and  warm.     A 

red  or  brown  coloration  is  produced. 

K 
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CHLORAL  HYDRATE,  CC13.CHO,  H2O. 

Chloral,  or  trichloraldehyde,  is  an  oily  liquid,  but  is  usually 
met  with  in  the  form  of  chloral  hydrate,  which  is  a  white 
crystalline  solid  readily  soluble  in  water.  It  has  a  very 
pungent  odour  and  is  very  easily  melted  and  volatilised. 

Chloral  hydrate  should  be  at  once  recognised  by  its 
characteristic  odour,  which  suggests  melons,  and  its  identity 
may  be  confirmed  by  the  following  tests.  It  dissolves  readily 
in  water. 

Reactions  of  a  Solution  of  Chloral  Hydrate. 

Warm  some  of  the  solution  with  sodium  hydroxide  solution, 
when  chloroform  will  separate  as  an  oil.  (Notice  odour.)  The 
solution  then  contains  sodium  formate. 

CC13.CHO      +      NaOH      =      CHC13     +      HCOONa. 

(Chloral.)  (Chloroform.)  (Sodium  formate.) 

It  gives  some  of  the  reactions  of  aldehydes ;  e.g.,  it  will 
reduce  ammoniacal  silver  nitrate.  Add  a  little  silver  nitrate 
solution  to  a  few  drops  of  dilute  chloral  hydrate  solution,  then 
one  drop  of  ammonia,  and  warm  very  gently  and  slowly.  A 
mirror  of  metallic  silver  is  formed  on  the  glass. 

/OH 
SALOL,  (ortho)  C0H4< 


Salol,  or  phenyl  salicylate,  is  a  white  crystalline  solid  which  is 
insoluble  in  hot  and  cold  water.  When  warmed  with  water  to 
test  the  solubility  it  will  be  noticed  that  it  melts  at  a  low 
temperature  (melting-point  42°),  but  does  not  dissolve.  It  is 
insoluble  also  in  hydrochloric  acid.  It  dissolves  readily  in 
alcohol. 

Sodium  hydroxide  saponifies  salol  on  boiling,  with  forma- 
tion of  sodium  salicylate  and  phenol.  Addition  of  hydro- 
chloric acid  causes  precipitation  of  the  salicylic  acid,  and  the 
odour  of  phenol  may  be  noticed. 

C6H4(OH)  .  COOC6H5  +  2NaOH  =  C6H4(OH)COONa 
+  C6H5ONa+H2O. 

The  salicylic  acid  should  be  filtered  off,  and  its  identity 
confirmed  by  the  tests  given  under  salicylic  acid. 
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PRELIMINARY    PREPARATION   OF   A   SOLUTION    TO 
BE  TESTED  FOR  ORGANIC  ACIDIC  RADICALS. 

Organic  acids  may  be  met  with  in  analysis,  either  as  the 
free  acids  or  as  salts  of  various  metallic  radicals.  The  tests  by 
which  the  acid  radicals  may  be  recognised  in  a  solution  are 
always  applied  to  a  neutral  solution,  which  may  be  prepared 
according  to  the  following  directions  : — 

I.  If  the  test  portion  of  the  original  solution  gives  no  pre- 
cipitate with  sodium  carbonate,  the  solution  may  be  neutralised 
by  cautious  addition  of  sodium  hydroxide.     It  is  advisable  to 
dilute  the  bench  sodium  hydroxide  with  four  or  five  times  as 
much    water    before    use    for    neutralisation.       If   the    volume 
becomes  greatly  increased  during  the  process  of  neutralisation, 
the  solution  should  be  concentrated  before  use. 

II.  If  a  test  portion  gives  a  precipitate  with  sodium  carbon- 
ate, metallic  radicals  other  than  the  alkalis  are  present.     These 
must  be  removed,  as  they  interfere  with  the  reactions. 

Add  to  the  original  solution  sodium  carbonate  until 
precipitation  is  complete.  Filter  (examine  the  preci- 
pitate, which  will  contain  the  metallic  radical  as  car- 
bonate). To  the  filtrate  add  hydrochloric  acid  until 
faintly  acid,  and  then  exactly  neutralise  with  a  little 
diluted  ammonia. 

One  or  other  of  these  methods  will  serve  for  the  preparation 
of  a  neutral  solution  in  all  ordinary  cases.  It  is  absolutely 
necessary  to  prepare  a  neutral  solution  for  the  analysis. 


ACETIC  ACID,  CH3COOH. 

Acetic  acid  in  the  pure  state  is  a  liquid  which  solidifies  at 
17°.  All  acetates  are  soluble,  except  a  few  basic  acetates. 
Acetic  acid  and  the  acetates  of  lead,  ammonium,  iron,  and  zinc 
are  used  medicinally. 

Reactions  of  Solid  Acetates. 

On  heating  the  metallic  acetates,  they  are  decomposed, 
and  the  odours  of  acetone  and  acetic  acid  may  usually  be 
detected. 

Concentrated  sulphuric  acid,  warmed  with  either  a 
solid  or  a  solution,  liberates  acetic  acid,  which  may  be  recog- 
nised by  its  odour  (vinegar).  There  is  no  charring. 
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Reactions  of  an  Acetate  in  Solution. 

If  the  solution  is  acid  it  must  be  neutralised  before  applying 
these  tests. 

Silver  nitrate  gives  a  precipitate  of  silver  acetate  except 
in  very  dilute  solutions. 

Ferric  chloride  gives,  with  a  neutral  acetate,  a  red  colora- 
tion. The  colour  is  discharged  on  addition  of  hydrochloric 
acid.  Dilute  and  boil  another  portion  of  the  red  solution  for 
some  time,  when  a  brown  precipitate  of  basic  ferric  acetate 
will  separate. 

Dilute  mineral  acids  liberate  acetic  acid,  which  can  be 
recognised  by  its  odour  when  the  mixture  is  heated. 


HYDROCYANIC  ACID. 

Hydrocyanic  acid  is  a  highly  poisonous  gas  which  is  readily 
soluble  in  water.  Mercuric  cyanide  and  the  cyanides  of  sodium, 
potassium,  and  ammonium  are  soluble  in  water ;  other  cyanides 
are  insoluble.  Heated  with  sodium  hydroxide,  cyanides  give 
off  ammonia  slowly,  and  this  should  be  remembered  in  testing 
for  ammonium  salts. 


Reactions  of  a  Cyanide  in  Solution. 

Hydrochloric  acid  liberates  hydrocyanic  acid  from  a 
cyanide,  and  this  gas  can  be  recognised  by  its  characteristic 
smell  (odour  of  bitter  almonds).  There  is  usually  some  carbon 
dioxide  evolved  at  the  same  time  from  carbonate  present  as  an 
impurity  in  the  cyanide.  Care  must  be  taken  not  to  inhale  hydro- 
cyanic acid,  as  it  is  very  poisonous. 

Silver  nitrate  gives  a  white  precipitate  of  silver  cyanide. 
The  precipitate  which  is  first  produced  dissolves  again  until 
excess  of  the  silver  nitrate  has  been  added. 

AgN03  +  KCN  =  AgCN  +  KNO3. 

The  redissolving  of  the  precipitate  at  first  is  due  to  the 
formation  of  a  soluble  double  salt  of  AgCN  and  KCN.  Silver, 
cyanide  is  insoluble  in  nitric  acid  and  soluble  in  ammonia. 

Prussian  blue  test. — To  a  cyanide  solution  add  ferrous 
sulphate  and  sodium  hydroxide,  and  warm.  Then  add  ferric 
chloride,  and  acidify  with  hydrochloric  acid.  A  dark  blue 
precipitate  of  Prussian  blue  will  be  obtained. 
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OXALIC   ACID,  (COOH)2. 

Oxalic  acid  is  usually  obtained  as  a  hydrate,  (COOH)9,  2H.,O, 
which  is  a  white  crystalline  solid,  readily  soluble  in  water.  It 
is  a  dibasic  acid,  and  both  normal  and  acid  salts  can  therefore 
be  obtained.  The  normal  oxalates  of  sodium,  ammonium,  and 
potassium  are  soluble  ;  other  oxalates  are  insoluble. 

Reactions  of  a  Solid  Oxalate. 

On  heating,  all  oxalates  are  decomposed,  usually  with  more 
or  less  charring.  The  bases  remain  as  oxides  or  carbonates;  e.g., 


Concentrated  sulphuric  acid  decomposes  an  oxalate  on 
gentle  warming.  The  oxalate  first  dissolves,  and  then  a 
mixture  of  CO2  and  CO  is  given  off.  Test  for  carbon  dioxide 
with  lime  water.  The  carbon  monoxide  can  be  best  detected 
by  closing  the  mouth  of  the  test-tube  loosely  with  the  thumb 
for  a  minute,  and  then  applying  a  light  to  the  end  of  the  tube. 
A  blue  flame  proves  the  presence  of  carbon  monoxide. 

(COOH)2  -  H2O  +  CO  +  CO2. 

The  sulphuric  acid  acts  here  as  a  dehydrating  agent. 

Dilute  mineral  acids  dissolve  insoluble  oxalates,  but  give 
no  further  reactions. 

Reactions  of  an  Oxalate  in  Solution. 

If  the  solution  is  acid  it  must  be  neutralised  before  applying 
these  tests. 

Silver  nitrate  gives  a  white  precipitate  of  silver  oxalate 
soluble  in  ammonia  and  in  nitric  acid. 

Calcium  chloride  produces  a  white  precipitate  of  calcium 
oxalate  which  is  insoluble  on  prolonged  boiling  with  acetic 
acid,  but  readily  soluble  in  hydrochloric  acid. 

K2C2O4  +  CaCl2  =  CaC2O4  +  2KC1. 

The  insolubility  of  calcium  oxalate  in  acetic  acid,  together  with 
its  solubility  in  hydrochloric  acid,  provide  the  best  test  for  an 
oxalate. 

There  is  less  likelihood  of  mistake  if  the  test  is  repeated 
with  addition  of  acetic  acid  before  addition  of  the  calcium 
chloride.  Calcium  salts  of  other  acids  sometimes  dissolve 
very  slowly  in  acetic  acid,  but  they  are  not  precipitated  at 
all  if  the  acetic  acid  is  added  and  the  solution  largely  diluted 
before  adding  the  calcium  chloride. 

K  2 


150  Organic  Acids 

Potassium  permanganate  added  in  small  amount  to  a 
hot  acidified  solution  of  an  oxalate  is  immediately  decolorised. 
To  the  oxalate  solution  add  an  equal  volume  of  dilute  sulphuric 
acid,  heat  till  boiling,  and  add  a  few  drops  of  potassium 
permanganate . 

COOH 
CHOH 
HOH 
COOH 


TARTARIC  ACID  | 


Tartaric  acid  is  a  white  solid  which  is  readily  soluble  in 
water.  It  is  dibasic,  and  therefore  forms  two  sets  of  salts  : 
normal  salts  and  acid  salts.  The  normal  tartrates  of  the  alkalis 
are  soluble  in  water,  but  most  other  tartrates  are  insoluble  or 
very  slightly  soluble.  Several  of  the  tartrates  are  used  in 
medicine  ;  e.g.,  tartar  emetic  (antimonyl  potassium  tartrate). 

Tartaric  acid  and  tartrates,  when  heated  in  the  dry 
state,  char  and  give  a  "  burnt  sugar  "  odour. 

Dilute  mineral  acids  dissolve  insoluble  tartrates,  but  give 
no  further  reaction. 

Concentrated  sulphuric  acid  chars  a  tartrate  on  gentle 
warming,  and  a  mixture  of  sulphur  dioxide,  carbon  monoxide, 
and  carbon  dioxide  is  given  off.  Citrates  char  much  less  readily 
than  tartrates,  but  give  more  carbon  monoxide  and  carbon 
dioxide. 

Reactions  of  a  Tartrate  in  Solution. 

If  the  solution  is  acid  it  must  be  neutralised  before  applying 
these  tests. 

Calcium  hydroxide,  added  in  excess,  precipitates  calcium 
tartrate  in  the  cold  from  neutral  solutions  (distinction  from 
citrate).  Calcium  tartrate  slowly  dissolves  on  boiling  with 
acetic  acid  (distinction  from  oxalate).  The  precipitate  of 
calcium  tartrate  only  appears  after  scratching  with  a  glass  rod 
or  vigorous  shaking. 

Tartrates  prevent  the  precipitation  of  copper  hydroxide 
by  sodium  hydroxide.  A  deep  blue  solution  is  obtained  instead 
of  a  pale  blue  precipitate.  Not  more  than  two  or  three  drops 
of  copper  sulphate  solution  should  be  used  in  this  test.  (Many 
other  organic  substances  prevent  the  precipitation  of  copper 
hydroxide  by  sodium  hydroxide.) 

Silver  mirror  test. — To  a  neutral  tartrate  add  silver 
nitrate  until  precipitation  is  complete.  Add  cautiously,  drop 
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by  drop,  a  very  dilute  ammonia  solution,  until  most,  but  not 
all,  of  the  precipitate  has  redissolved.  Warm  very  gently, 
holding  the  tube  about  6  ins.  above  the  Bunsen  flame.  A 
silver  mirror  gradually  appears  on  the  glass.  This  test  fails 
if  (1)  too  much  ammonia  is  added;  (2)  the  tube  is  heated  too 
quickly  ;  or  (3)  if  a  dirty  test-tube  is  used. 

Potassium,  permanganate  is  reduced  by  many  organic 
substances,  including  tartrates  and  citrates.  The  following  test 
is  an  excellent  test  for  distinguishing  between  citrate  and 
tartrate,  but  many  other  substances  reduce  permanganate  in  a 
similar  manner.  Other  tests  must  be  used  to  prove  that  the 
substance  is  a  citrate  or  tartrate  before  using  this  test  to 
distinguish  between  them. 

Add  sodium  hydroxide  until  the  solution  is  strongly 
alkaline  and  then  add  one  drop  of  potassium  perman- 
ganate. Heat  and  boil  for  one  to  two  minutes.  With  a 
tartrate,  the  solution  becomes  green  and  then  yields 
either  a  brown  solution  or  brown  precipitate.  With  a 
citrate,  the  reduction  stops  at  the  green  stage  (except  on 
prolonged  boiling). 

CH2(COOH) 
CITRIC  ACID  C(OH)(COOH) 


C!H 


2(COOH) 


Citric  acid  is  a  white  solid  which  is  soluble  in  water.  It  is 
tribasic,  and  three  sets  of  salts  are  therefore  possible.  The 
alkaline  citrates  are  soluble,  but  all  other  citrates  are  sparingly 
solu'-le  or  insoluble.  Several  of  the  citrates  are  used  in 
medicine. 

The  reactions  of  citrates  closely  resemble  the  reactions  of 
tartrates,  and  attention  should  therefore  be  directed  to  the 
reactions  by  which  they  can  be  distinguished. 

Citric  acid  and  citrates,  when  heated  in  the  dry  state, 
char  and  give  a  "burnt  sugar"  odour. 

Dilute  mineral  acids  dissolve  insoluble  citrates,  but  give 
110  further  reaction. 

Concentrated  sulphuric  acid  chars  a  citrate  011  con- 
tinued heating.  Charring  takes  place  much  less  readily  with 
a  citrate  than  with  a  tartrate,  but  there  is  a  more  copious 
evolution  of  CO  and  CO.,. 
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Reactions  of  a  Citrate  in  Solution. 

If  the  solution  is  acid  it  must  be  neutralised  before  applying 
these  tests. 

Calcium,  hydroxide,  added  in  excess,  gives  no  precipitate 
in  the  cold  with  a  citrate,  even  after  prolonged  shaking  or 
scratching  the  tube  (distinction  from  tartrate).  On  warming 
the  mixture  a  precipitate  of  calcium  citrate  is  obtained,  though 
sometimes  this  does  not  separate  unless  a  little  ammonia  is 
added. 

Calcium  citrate  is  insoluble  in  sodium  hydroxide,  whilst 
calcium  tartrate  is  soluble. 

Citrates  prevent  the  precipitation  of  copper  hydroxide  by 
sodium  hydroxide  in  a  similar  manner  to  tart  rates. 

Silver  mirror  test. — This  test  does  not  give  a  mirror 
with  a  citrate,  but  yields  instead  a  black  precipitate  of  metallic 
silver  (compare  with  tartrate).  It  is  not  very  reliable  as  a 
distinguishing  test  between  tartrates  and  citrates,  since  tartrates 
give  a  black  precipitate  instead  of  a  mirror,  if  the  test  is 
performed  in  a  faulty  manner. 

Potassium  permanganate. — The  reduction  of  potassium 
permanganate  is  a  useful  test  for  distinguishing  between  a 
citrate  and  a  tartrate.  The  test  is  described  under  the  reactions 
of  tartrates. 

/COOH 
SALICYLIC   ACID,  (ortho)  C6H/ 

\OH 

Salicylic  acid  is  sparingly  soluble  in  cold  water.  It  dissolves 
readily  in  hot  water  and  crystallises  out  again  on  cooling. 

Sodium  hydroxide  dissolves  salicylic  acid  readily,  forming 
the  soluble  sodium  salt. 

To  a  little  salicylic  acid  add  a  few  drops  of  alcohol  and  an 
equal  volume  of  concentrated  sulphuric  acid.  Warm  gently, 
and  notice  the  pleasant  fruity  odour  of  ethyl  salicylate. 

C6H4(OH)COOH  +  C2H5OH  =  CGH4(OH)COOC2H5  + H2O. 

Heated  with  lime  (or  with  solid  sodium  carbonate)  sali- 
cylic acid  is  decomposed  with  formation  of  phenol,  which  may 
be  recognised  by  its  characteristic  odour. 

C6H4(OH)COOH  +  Ca(OH)2  =  C6H5OH  +  CaCO3  +  H2O. 

To  a  little  of  the  solid  add  hydrochloric  acid  and  a  crystal 
of  potassium  chlorate,  and  warm  the  mixture.  Chloranil 
(tetrachloroquindne),  C6C14O2,  is  formed.  This  is  an  orange-red 
substance  which  dissolves  readily  in  potash  to  yield  a  dark 
brown  solution. 
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Reactions  of  a  Salicylate  in  Solution. 

Ferric  chloride  added  to  a  solution  of  a  salicylate  gives  a 
characteristic  violet  coloration. 

Dilute  sulphuric  acid  causes  precipitation  of  the  sparingly 
soluble  salicylic  acid. 


URIC   ACID,  C5H4N403. 

Uric  acid  is  a  white  crystalline  powder.  The  uric  acid  from 
urinary  calculi  has  often  a  yellow  or  brown  colour,  due  to  colour- 
ing matter  from  the  urine.  Uric  acid  is  almost  insoluble  in 
water,  alcohol,  and  ether.  When  heated  in  the  dry  state  it 
decomposes,  and  gives  fumes  in  which  the  odours  of  ammonia 
and  hydrocyanic  acid  can  be  detected. 

Urates  of  sodium  and  ammonium  are  the  only  common  salts 
of  uric  acid.  Both  are  almost  insoluble  in  cold  water,  arid  give 
uric  acid  on  treatment  with  acid. 

Sodium  hydroxide  dissolves  uric  acid  on  heating.  The 
uric  acid  is  reprecipitated  on  addition  of  hydrochloric  acid  to 
the  hot  solution. 

Dilute  nitric  acid  dissolves  uric  acid  on  boiling,  with 
decomposition  of  the  uric  acid  and  effervescence. 

Concentrated  sulphuric  acid  dissolves  uric  acid  on 
warming  without  much  decomposition.  Most  of  the  uric  acid 
is  reprecipitated  if  the  solution  is  poured  into  water.  (Caution. 
— Cool  the  solution  before  pouring  it  into  water.) 

Colour  reaction. — Add  a  few  drops  of  nitric  acid  to  a 
little  dry  uric  acid  in  a  porcelain  basin,  and  warm  gently 
until  dry.  The  reddish  residue  turns  to  a  reddish-purple 
on  addition  of  ammonia,  or  to  a  bluish-purple  on  addition  of 
sodium  hydroxide. 


PHENOL,  C6H5OH. 

Phenol  (carbolic  acid)  is  a  colourless  crystalline  solid,  with  a 
strong  odour  of  coal  tar.  If  exposed  to  the  air  it  becomes  red 
by  oxidation.  It  readily  takes  up  water,  and  with  a  little  water 
forms  an  oily  liquid,  which  is  sometimes  sold  under  the  name 
of  "liquid  phenol."  It  is  slightly  soluble  in  water.  When 
phenol  is  shaken  up  with  water,  two  liquid  layers  are  formed, 
the  one  a  solution  of  water  in  phenol,  and  the  other  a  solution 
of  phenol  in  water. 

Care  should  be  taken  to  prevent  phenol  coming  into  contact  with 
the  skin,  as  it  causes  unpleasant  blisters 

Phenol  is  insoluble  in  dilute  acids. 
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Phenol  dissolves  readily  in  sodium  hydroxide,  and  is  repre- 
cipitated  from  this  solution  on  addition  of  any  acid. 

Heated  alone,  phenol  melts  and  then  boils  with  little 
decomposi  tion . 

Sulphuric  acid  (concentrated)  chars  phenol  on  heating. 


Reactions  of  an  Aqueous  Solution  of  Phenol. 

On  addition  of  one  drop  of  ferric  chloride,  a  blue  coloration 
is  obtained.  Add  a  few  drops  to  about  2  c.c.  of  dilute  nitric 
acid  and  heat  the  mixture.  The  phenol  is  oxidised  to  trini- 
trophenol,  which  imparts  a  yellow  colour  to  the  solution.  The 
colour  changes  to  red  on  addition  of  excess  of  sodium  hydroxide, 
on  account  of  the  formation  of  the  more  highly  coloured 
sodium  salt. 


BBNZOIC   ACID,  C6H5.COOH. 

Benzoic  acid  crystallises  in  colourless  shining  plates  or  flat 
needles,  is  readily  soluble  in  hot  water,  but  sparingly  soluble 
in  cold.  It  melts  at  121°,  and  even  below  the  melting-point 
gives  a  vapour  with  a  peculiar  irritating  odour.  Benzoates 
are  in  general  soluble. 

Heated  alone,  benzoic  acid  melts  and  gives  off  vapour 
which  causes  sneezing  and  coughing. 

Heated  -with  lime  (using  a  large  excess  of  quicklime), 
benzoic  acid  and  benzoates  are  decomposed  and  benzene  is 
evolved,  which  can  be  recognised  by  its  odour. 

C0H5COOH  +  CaO  =  C6H6  +  CaCO3. 

Concentrated  sulphuric  acid  dissolves  benzoic  acid  and 
benzoates  without  visible  decomposition  of  any  kind. 


Reactions  of  a  Benzoate  in  Solution. 

Dilute  mineral  acid  produces  a  white  precipitate  of 
benzoic  acid. 

C6H5COONa  +  HC1  =  C0H3COOH  +  NaCl. 

Silver  nitrate  produces  a  white  crystalline  precipitate  of 
silver  benzoate,  soluble  in  ammonia  and  in  nitric  acid.  It  is 
also  soluble  in  hot  water,  from  which  it  crystallises  again  on 
cooling. 

Ferric  chloride  produces  a  buff-coloured  precipitate  of 
basic  ferric  benzoate,  Fe(OH)  (C0H.COO).,. 
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PATS. 

Fats  are  insoluble  in  water. 

Heated  with  water,  a  fat  usually  melts  below  100°,, 
forming  an  oily  layer  on  the  surface  of  the  water. 

Solubility  in  ether. — Shake  a  small  piece  of  fat  with 
about  2  c.c.  of  ether.  Pour  the  ethereal  solution  on  to  a 
watch  glass  and  note  that  the  ether  evaporates  and  that  the 
fat  remains  as  a  solid. 

Saponification  of  a  fat. — Heat  a  small  portion  of  beef 
fat  with  2-3  c.c.  of  alcoholic  soda.  Keep  near  the  boiling-point 
for  about  ten  minutes. 

To  the  solution  add  a  saturated  salt  solution.  Soap  separates 
as  a  more  or  less  gelatinous  solid. 


SOAP. 

Dissolve  a  small  piece  of  soap  in  warm  water  and  try  the 
following  reactions  : — 

(1)  The  solution  is  alkaline  to  litmus. 

(2)  Addition    of  acid    (e.g.,  hydrochloric)    precipitates    the 

fatty  acid  of  the  soap  as  a  white  solid. 

(3)  Calcium  sulphate  produces  a   white  precipitate  of  the 

calcium  salt  of  the  fatty  acid.  (This  is  the  white 
"  curd  "  which  is  precipitated  when  soap  is  used  with  a 
"hard"  water.) 


ALKALOIDS. 

The  alkaloids  are  organic  nitrogen  bases  which  are  im- 
portant on  account  of  their  medicinal  or  poisonous  properties* 
They  may  all  be  regarded  as  derivatives  of  ammonia,  with  the 
hydrogen  replaced  partly  or  wholly  by  organic  radicals.  They 
occur  in  nature  in  various  plants  ;  for  example,  quinine  is  the 
alkaloid  of  quinine  bark,  nicotine  the  alkaloid  of  tobacco,  and 
cocaine  the  alkaloid  of  the  coca  leaf. 

General  Reactions  of  Alkaloids. 

The  alkaloids  are  met  with  both  as  free  bases  and  as  salts, 
such  as  the  hydrochloride  and  sulphate.  These  salts  are  formed 
from  the  free  bases  in  the  same  manner  as  the  salts  of  ammonia 
are  obtained  from  ammonia.  The  free  bases  are  generally 
liquids  or  crystalline  solids,  insoluble  in  water,  but  soluble  in 
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ether  or  chloroform.     They  dissolve  in  mineral  acids,  forming 
soluble  salts. 

For  the  following  general  tests  a  solution  of  quinine  sulphate 
in  very  dilute  sulphuric  acid  may  be  used. 

1.  To  a  portion  of  this  solution  add  sodium  hydroxide.     The 
alkaloid  is  precipitated.     The  precipitate  is  insoluble  in  excess 
of  caustic  soda.     (In  the  case  of  morphine  the  precipitate  will 
dissolve  in  excess  of  sodium  hydroxide.) 

2.  To  a  little  mercuric  chloride,  add  potassium  iodide  until  a 
clear  solution  is  obtained.     Add  some  of  this  to  a  portion  of  the 
quinine  sulphate  solution,  and  notice  the  gelatinous  yellowish 
precipitate,  which  is  a  compound  of  the  alkaloid  with  mercuric 
iodide. 

3.  To  a  portion  of  the  solution  add  a  solution  of  iodine  in 
potassium  iodide.     A  flocculent  brown  precipitate  is  obtained. 

The  above  reactions  are  obtained  with  all  alkaloids.  The 
following  reactions  exhibit  the  principal  differences  between 
quinine,  morphine,  and  strychnine. 


QUININE,  C20H24N2O2,  3H2O. 

Quinine  is  a  white  crystalline  powder  which  is  almost 
insoluble  in  water,  even  when  hot,  but  is  readily  soluble  in 
alcohol.  The  aqueous  solution  has  a  bitter  taste,  and  is  alkaline 
to  litmus  paper. 

Dilute  mineral  acids  dissolve  quinine,  with  formation  of 
soluble  quinine  salts  ;  e.g.,  with  dilute  sulphuric  acid  a  solution 
of  quinine  sulphate  is  obtained. 

Reactions  of  Quinine  Salts. 

Quinine  bisulphate  and  hydrochloride  are  readily  soluble  in 
water.  Use  a  solution  of  quinine  bisulphate  for  the  following 
reactions.  Notice  the  curious  fluorescence  of  the  solution. 
In  daylight  the  solution  appears  blue  when  looked  at  from 
certain  angles. 

Sodium  hydroxide  precipitates  quinine  from  the  solution. 

Colour  reactions. — (1)  To  one  drop  of  the  quinine  solution 
add  a  few  drops  of  chlorine  water  or  bleaching  solution,  and 
immediately  after  add  ammonia  in  excess.  A  green  coloration 
is  produced,  which  becomes  red  on  addition  of  dilute  sulphuric 
acid. 

(2)  To  another  portion  of  quinine  sulphate  solution  add  a 
drop  or  two  of  potassium  ferricyanide,  a  few  drops  of  chlorine 
water  or  bleaching  solution,  and,  drop  by  drop,  ammonia.  A 
fine  red  colour  is  produced,  which  disappears  with  excess  of 
ammonia. 
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MORPHINE,  C17H19N03,  H2O. 

Morphine  is  a  white  crystalline  solid  which  is  very  sparingly 
soluble,  even  in  hot  water,  but  is  readily  soluble  in  alcohol. 
The  aqueous  solution  is  alkaline  to  litmus  paper. 

Ferric  chloride  poured  on  a  few  crystals  of  solid  morphine 
in  a  porcelain    basin    gives  a    blue  colour.     On    warming  tnT~ 
colour  changes  to  brown,  but    the    blue   colour  reappears  on* 
cooling.  .    _,, 

Concentrated   sulphuric    acid    dissolves    morphine    on 
warming.     Continue  the  heating  until  the  solution  acquires  a 
green    colour.     Pour   into  a  basinful    of  water,  when  a  violel: 
coloration  will  be  obtained.     The  violet  colouring  matter  caTT" 
be  extracted  with  ether. 

Sodium  hydroxide,  added  to  a  solution  of  a  morphine, 
salt,  produces  a  white  precipitate  of  morphine.  The  morphine 
dissolves  readily  in  excess  of  sodium  hydroxide,  thus  differing, 
from  most  other  common  alkaloids.  •««•»«  ^^i* 

A  morphine  salt  is  most  readily  identified  by  isolation  of 
morphine  and  identification  of  the  free  base.  Morphine  may 
be  obtained  from  its  salts  by  addition  of  ammonia  until  precipi- 
tation is  complete.  The  precipitate  is  then  filtered,  washed 
with  water,  and  tested  as  above. 


STRYCHNINE,  C21H22N2O,. 

Strychnine  forms  either  hard,  prismatic  crystals  or  a  white 
powder.  It  is  almost  insoluble  in  water,  alcohol,  or  ether. 

Dilute  mineral  acids  dissolve  strychnine,  with  formation 
of  the  corresponding  salts. 

Use  a  solution  of  strychnine  hydrochloride  for  the  following 
tests. 

Sodium  hydroxide  precipitates  strychnine  as  a  white 
precipitate,  insoluble  in  excess. 

Potassium  chromate  added  to  the  solution  gives  a  bright 
yellow  precipitate,  if  the  mixture  is  stirred  with  a  glass  rod  for 
some  time.  It  is  most  convenient  to  use  a  basin  for  the  test. 
Pour  off  the  liquid  from  the  precipitate,  and  add  concentrated 
sulphuric  acid,  when  a  rich  purple  colour,  fading  to  red,  will^ 
be  obtained. 
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IDENTIFICATION    OP    AN    ORGANIC    ACID. 

If  the  substance  gives  an  acid  reaction  to  litmus,,  it  will  be 
(1)  an  organic  acid,  or  (2)  a  hydrolysed  salt  such  as  quinine 
hydrochloride. 

The  principal  differences  between  the  common  organic  acids 
are  as  follows  : — 

Solubility. — Salicylic,  uric,  and  benzoic  acids  are  almost 
insoluble  in  water.  Acetic,  citric,  oxalic,  tartaric,  and  hydro- 
cyanic acids  are  readily  soluble.  Phenol  (carbolic  acid)  is 
almost  insoluble,  and  becomes  liquid  in  contact  with  water. 

Effect  of  heat  on  the  acids  or  their  salts.  If  a  portion  is 
heated  in  a  tube,  the  first  effect  is  to  intensify  the  characteristic 
odours.  On  further  heating,  one  or  other  of  the  following 
changes  may  be  noticed  : — 

(1)  The  substance  chars  and  gives  a  burnt  sugar  odour. 

Citrate  or  tartrate. 

(2)  Ammonia    and  hydrocyanic  acids  are  evolved.       There 

may  also  be  some  charring.  Urate  or  cyanide. 

(3)  A  sublimate  is  formed  with  little  or  no  blackening. 

Benzoate  or  salicylate. 

Concentrated  sulphuric  acid,  warmed  with  an  organic 
acid  or  a  salt  of  an  organic  acid,  gives  the  following  reactions  : — 

(1)  Odour  of  vinegar.  Acetate. 

(2)  Charring  in  the  cold.  Tartrate. 

(3)  Blackening  after  heating  for  some  time.  Citrate. 

(4)  Evolution  of  SO2,  CO,  and  CO2,  but  no  charring. 

Oxalate,  urate,  or  citrate. 

Reactions  of  a  Solution. 

These  tests  should  be  applied  to  a  solution  which  has  been 
neutralised  as  described  on  p.  147.  They  are  not  applicable  to 
a  solution  of  the  acid  itself. 

Hydrochloric  acid  yields  a  white  precipitate  of  the  free 
acid.  Benzoate,  urate,  or  salicylate. 

Ferric  Chloride. — Red  coloration  indicates  acetate. 

Violet  coloration  indicates  salicylate. 
Buff  precipitate  indicates  benzoate. 
Calcium  chloride  gives  a  white  precipitate. 

(1)  If  the  same  precipitate  is  obtained  when  acetic  acid  is 

added    to  the  solution  before  addition  of  the  calcium 
chloride,  the  substance  is  an  oxalate. 

(2)  If  the    precipitate    does    not    appear  immediately,  but 

separates  in  the  cold  after  shaking  or  scratching,  it  is 
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probably  a  tartrate.     The  precipitate  slowly  dissolves  on 
boiling  with  acetic  acid. 

(3)  If  precipitate  does  not  appear  in  the  cold  after  continued 
shaking,  but  appears  on  warming,  it  is  a  citrate. 


IDENTIFICATION   OP    A   SIMPLE    ORGANIC 
SUBSTANCE. 

Before  proceeding  to  the  detailed  analysis,  the  substance 
should  be  definitely  identified  as  organic  by  one  or  other  of  the 
tests  for  the  presence  of  carbon. 

When  the  number  of  substances  is  arbitrarily  restricted  to  a 
small  number  of  organic  substances,  it  is  a  simple  and  instructive 
exercise  for  the  student  to  devise  a  scheme  for  their  identifica- 
tion. On  this  account  the  following  notes  have  been  confined 
to  some  general  directions  applicable  to  the  preliminary 
examination  of  any  simple  organic  substance. 

I.  Examine   the    substance    carefully.       Notice  the  colour 
and    odour,   and    whether   the   substance   is    crystalline   or 
amorphous.      Great  importance    should  be  attached    to   this 
preliminary  examination,  as  the  subsequent  examination  should 
depend   largely    on  the  physical  nature  of  the  substance ;  for 
instance,  it  is  absurd  to  test  for  alcohol  if  the  substance  is  a 
solid. 

II.  Try   the    effect    of  heat    on    the  substance.     With  the 
majority  of  organic  substances   some  definite  information  can 
be   gained  by    the   test.     Some   substances   char  and   give  off 
recognisable  odours  (e.g.,  sugar  and  tartaric  acid)  ;  some  liquids 
boil  and  condense  unchanged  in  a  colder  part  of  the  apparatus 
(e.g.,  alcohol)  ;  solids  usually  melt  either  without  decomposition 
(e.g.,  phenol)  or  with  decomposition  (e.g.,  sugar  and  urea).     In 
many  cases  the  odour  will  suggest  the  nature  of  the  substance, 
and  in  such    cases    special  confirmatory  tests  should  be  made 
at  once.     The  changes  which  occur  on  heating  sometimes  differ 
according   to   whether    the    heating    is    performed    with    the 
substance  in  a  narrow  test-tube    or  on   platinum  foil.     In  the 
latter  case  the  air  has  free  access  to  the  substance,  and  com- 
bustion is  more  likely  to  occur.     Heating  in  a  tube  will  usually 
give  more  information,  but  both  tests  should  be  tried. 

No  attempt  has  been  made  above  to  mention  all  the 
phenomena  which  may  be  noticed  on  heating  a  substance,  as 
there  are  so  many  other  possibilities,  such  as  the  evolution  of 
iodine  when  iodoform  is  heated. 

III.  Solubility   in   water. — Determine   the    solubility  in 
cold  and  hot  water.     The  subsequent  examination  must  depend 
somewhat  on  the  solubility  of  the  substance. 
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Apart  from  the  solubility,  the  behaviour  of  certain  sub- 
stances towards  water  is  characteristic  of  the  substance  ;  e.g., 
with  phenol,  two  liquid  layers  are  formed,  while  quinine 
sulphate  yields  an  opalescent  solution. 

IV.  Further  examination  of  a  substance  insoluble  in 
•water. 

(1)  If  the   substance  dissolves   in   sodium   hydroxide,  it  is 

probably  an  acid.  If  so,  it  will  be  reprecipitated  on 
addition  of  hydrochloric  acid. 

(2)  If  the  substance  is  insoluble  in  sodium  hydroxide,  but 

dissolves  in  hydrochloric  acid,  it  is  probably  a  base, 
such  as  an  alkaloid. 

(3)  If  the  substance  is  insoluble  in  water,  in  cold  sodium 

hydroxide,  and  in  hydrochloric  acid,  it  is  probably  an 
ester  or  fat. 

V.  Examination  of  a  substance  soluble  in  water,  or 
of  an  aqueous  solution. 

(1)  Try  the  action  on  litmus.     If  the  reaction  is  acid,  the 

substance  may  be  a  hydrolysed  salt  such  as  quinine 
hydrochloride,  or  it  may  be  an  organic  acid.  Jf  the 
original  solution  gives  a  precipitate  with  sodium 
hydroxide,  this  precipitate  will  be  the  free  base,  which 
should  be  filtered  off  and  examined  separately. 

(2)  Add  dilute  hydrochloric  acid.     If  the  substance  is  a  salt 

of  an  insoluble  acid  (e.g.,  sodium  salicylate),  the  acid 
will  be  precipitated. 

S3)  Try  the  action  of  concentrated  sulphuric  acid. 
4)  Add  one  drop  of  ferric  chloride,  and  if  no  coloration  is 
noticed,  add  a  few  more  drops.     Many  substances  give 
colour  reactions  with  ferric  chloride. 

(5)  Test  for  the  presence  of  a  reducing  sugar  by  alkaline 
copper  sulphate  (Fehling's  solution). 

VI.  The   above  tests   will    in    almost    all    cases  give    some 
indication  of  the  nature  of  the  substance.     Confirmatory  tests 
should  in  all  cases  be  applied.     If  an  aqueous  solution  is  under 
examination,  and  no  reactions  can  be   obtained   with   it,   it   is 
advisable  to  concentrate  the  solution  and  repeat  the  tests. 

The  student  will  often  recover  from  an  error,  if  the  observed 
physical  properties  of  the  substance  are  compared  at  the  con- 
clusion of  the  analysis  with  the  correct  physical  properties,  so 
far  as  they  can  be  remembered.  For  instance,  suppose  it  has 
been  decided  as  the  result  of  analysis  that  the  substance  is  cane 
sugar.  The  specimen  should  be  re-examined  to  see  if  the  colour, 
solubility,  crystalline  form,  etc.,  agree  with  this  conclusion. 
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TEST   PAPERS. 

It  is  sometimes  convenient  to  use  test  papers  instead  of 
solutions,  particularly  in  testing  for  gases.  Test  papers  are 
prepared  by  soaking  absorbent  paper  in  the  appropriate  reagent. 
In  some  cases  they  may  be  dried  and  preserved  for  use  as 
required,  but  in  other  cases  it  is  necessary  that  they  be  freshly 
prepared. 

When  a  solution  is  to  be  tested  by  means  of  a  test  paper, 
a  drop  should  be  withdrawn  by  means  of  a  thin  glass  rod  (not 
tube),  and  this  drop  placed  on  a  small  detached  portion  of 
the  test  paper. 

When  a  gas  is  to  be  tested,  the  test  paper  must  first 
be  moistened. — The  paper  must  not  be  allowed  to  come  into 
contact  with  the  glass  walls  of  the  vessel,  but  held  just  inside 
the  mouth  without  touching  the  sides. 

Blue  litmus  paper  is  paper  which  has  been  dipped  in  a 
blue  (faintly  alkaline)  solution  of  litmus,  and  dried.  Acids 
change  the  colour  to  red. 

Red  litmus  paper  is  paper  which  has  been  dipped  into 
a  red  (faintly  acid)  solution  of  litmus,  and  dried.  Alkalis 
change  the  colour  to  blue. 

Starch  paper  is  paper  which  has  been  dipped  in  starch 
paste,  and  dried.  With  free  iodine  it  gives  a  blue  colour. 

Potassium  iodide-starch  paper  is  prepared  by  dipping 
starch  paper  into  potassium  iodide  solution.  It  is  used  to  test 
for  oxidising  gases  which  liberate  free  iodine  from  the  potassium 
iodide.  The  liberated  iodine  produces  a  blue  compound  by 
interaction  with  the  starch. 

Lead  acetate  paper  is  prepared  by  dipping  a  strip  of 
filter  paper  into  some  lead  acetate  solution.  Hydrogen 
sulphide  produces  a  black  stain  of  lead  sulphide  with  lead 
acetate  paper. 

Ferric  ferricyanide  paper  is  prepared  by  dipping  a  strip 
of  filter  paper  into  the  brown  solution  obtained  by  mixing 
ferric  chloride  and  potassium  ferricyanide.  It  is  used  as  a 
test  for  reducing  gases  which  change  the  colour  to  dark  blue. 
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NOTES   ON   REAGENTS. 

Bleaching  solution  is  prepared  by  shaking  bleaching 
powder  with  cold  water  and  filtering  the  solution.  The  active 
constituent,  calcium  hypochlorite,  is  slowly  decomposed  on 
exposure  to  atmospheric  carbon  dioxide  (see  under  Hypo- 
chlorites).  The  solution  must  therefore  be  kept  well  corked. 

Chlorine  water. — For  qualitative  purposes  this  may  be 
prepared  as  required  by  mixing  equal  volumes  of  bleaching 
solution  and  hydrochloric  acid. 

Fehling's  solution. — Sodium  hydroxide  added  in  excess 
to  a  copper  solution  to  which  Rochelle  Salt  (sodium  potassium 
tartrate)  has  been  added,  yields  a  clear  blue  solution  which  is 
known  as  Fehling's  solution.  This  solution  is  used  as  a  test  for 
certain  reducing  compounds  such  as  glucose. 

For  certain  tests  the  addition  of  tartrate  is  necessary  to 
prevent  precipitation  of  cupric  hydroxide,  but  sodium  hydroxide 
produces  no  precipitate  with  a  copper  solution  when  glucose  is 
present,  and  the  test  may  therefore  be  performed  as  described 
in  p.  139  (without  addition  of  tartrate). 

Hydrogen  sulphide  or  sulphuretted  hydrogen  solution  is 
prepared  by  saturating  water  with  the  gas.  The  solution 
becomes  weaker  if  left  unstoppered,  on  account  of  loss  of  gas 
to  the  atmosphere,  and  also  by  oxidation  (see  p.  27).  For 
qualitative  analysis  the  solution  must  smell  strongly  of  hydrogen 
sulphide. 

Iodine  is  almost  insoluble  in  water,  but  is  soluble  in  a 
solution  of  potassium  iodide.  The  bench  solution  therefore 
contains  potassium  iodide  as  well  as  iodine. 

Lime  water  or  Calcium  hydroxide  solution  is  a  saturated 
solution  of  lime  in  water.  Though  saturated,  the  amount  of 
Ca(OH)0  in  solution  is  very  small  on  account  of  its  sparing 
solubility. 

Magnesia  mixture  is  prepared  by  addition  to  magnesium 
sulphate  solution  of  equal  volumes  of  ammonium  chloride  and 
ammonia  (in  the  order  mentioned). 

Nessler's  Reagent. — Potassium  iodide  is  added  to  mercuric 
chloride  in  just  sufficient  amount  to  redissolve  the  precipitate 
which  first  forms  ;  sodium  hydroxide  is  then  added  in  excess. 
This  solution  should  be  colourless  or  pale  yellow. 

Sulphuric  acid. — The  reactions  of  concentrated  sulphuric 
acid  differ  markedly  from  those  of  the  dilute  acid.  Special 
care  is  necessary  in  the  use  of  the  concentrated  acid,  as  its 
incautious  use  may  cause  a  serious  accident  (see  p.  16). 


INDEX 


ACETATES,  47 

Acid  salts,  definition  of,  15 

preparation  of,  42 
Acids,  properties  of,  12 
Alcohol,  143 

Alkalis,  properties  of,  13 
Alkaloids,  155 
Aluminium  salts,  91 
Alums,  91 

Ammonium  salts,  105 
Antimony  salts,  89 
Arsenates,  126 
Arsenious  salts,  100 
Arsenites,  125 
Atomic  weights,  table  of,  59 

BARIUM  chloride,  preparation  of,  41 

nitrate,  preparation  of,  41,  48 

salts,  96 

sulphate,  preparation  of,  39 
Bases,  use  of  term,  14 
Basic  salts,  use  of  term,  15 

formation  of,  38 
Benzoates,  154 
Bettendorf  s  test,  101 
Bismuth  salts,  93 
Biuret  reaction,  145 
Bleaching  powder,  117 

solution  as  reagent,  162 
Blue  litmus  paper,  161 

vitriol,  37,  77 
Borates,  124 
Borax  bead  tests,  67 
Bromides,  122 
Bunsen  burner,  63 
Burette,  use  of,  51 


CADMIUM  salts,  92 
Calcium  salts,  95 
Calomel,  75 
Cane  sugar,  139 
Carbolic  acid,  153 
Carbon,  properties  of,  34 

dioxide,  20 
Carbonates,  111 
Catalysts,  141 
Chloral  hydrate,  146 
Chlorates,  119 
Chlorides,  121 

estimation  of,  58 
Chlorine,  preparation  of,  25 

water,  162 
Chloroform,  144 
Chromates,  127 
Chromium  salts,  82 
Citrates,  151 
Cleaning  glass  vessels,  3 
Cobalt  salts,  84 
Condy's  fluid,  129 
Copper  salts,  77 

nitrate,  preparation  of,  46 

sulphate,  preparation  of,  37,  42,  47 
Corrosive  sublimate,  76 
Cream  of  Tartar,  43 
Crystallisation  process,  10 

water  of,  8 
Cyanides,  148 

DECINORMAL  solution,  50 
Decrepitation,  31 
Deliquescence,  11 
Dextrose,  139 
Dichromates,  127 


164 


Index 


EFFLORESCENCE,  11 
Enzymes,  141 
Epsom  salts,  99 

FATS,  155 

Fehling's  solution,  162 

Fermentation  of  glucose,  140 

Ferments,  140,  141 

Ferric  ferricyanide  paper,  161 

salts,  80 
Ferrous  salts,  79 

sulphate,  preparation  of,  46 
Filtration,  3 
Flame  coloration  tests,  68 

GLUCOSE,  139 
Glycerol,  143 
Grape  sugar,  139 
Graphite,  properties  of,  34 
Green  vitriol,  47 

HARD  glass,  4 

Hardness  of  water,  21 

Hydrochloric  acid,  18 

Hydrocyanic  acid,  148 

Hydrogen,  preparation  of,  28 
sulphide  as  reagent,  162 
sulphide,  preparation  of,  27 

Hydrolysis  of  starch,  140 

Hydrosulphites,  112 

Hydroxides,  132 

Hypo,  115 

Hypochlorites,  117 

IODIDES,  123 

Iodine,  properties  of,  34 

solution,  162 
lodoform,  144 

Indicators,  use  of,  53,  56,  57 
Iron  salts,  79 

LAUGHING  gas,  29 

Lead  acetate  paper,  161 
chloride,  preparation  of,  37,  40,  41 
nitrate,  preparation  of,  45 
salts,  86 

Lime  water,  20,  162 

Litharge,  86 

Lithium  salts,  104 


Litmus,  use  of,  12,  58 

paper,  12,  161 
Lunar  caustic,  73 

MAGNESIA  mixture,  162 
Magnesium  salts,  99 
Manganese  salts,  83 
Match  tests,  65 
Mercury  salts,  74 
Metals,  properties  of,  106 
Morphine,  57 

NESSLER'S  solution,  162 
Neutrality  towards  indicators,  15 
Nickel  salts,  85 
Nitrates,  131 
Nitric  acid,  19 

oxide,  30 
Nitrites,  118 
Nitrogen  peroxide,  31 
Nitrous  oxide,  29 

OXALATES,  149 

Oxides,  132 

Oxygen,  preparation  of,  23 

PERMANGANATES,  129 

Peroxides,  133 

Phenacetine,  145 

Phenol,  153 

Phosphates,  130 

Potassium  hydrogen  tartrate,  43 
nitrate,  preparation  of,  35,  40 
oxalate,  preparation  of,  43 
salts,  102 

Purification  by  crystallisation,  7, 

QUININE,  156 

RED  litmus  paper,  161 
Reinsch's  test,  101 
Rusting  of  metals,  23 

SALICYLATES,  152 

Saliva,  action  on  starch,  142 

Saltpetre,  131 

Salts  of  sorrel,  43 

Sand-bath,  4 

Scheele's  green,  125 


Index 


165 
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dioxide,  preparation  of,  25 


Sulphuretted  hydrogen,  27 
Sulphuric  acid,  16,  18,  162 
Supersaturation,  9 

TARTRATES,  150 
Test  papers,  161 
Thiosulphates,  115 
Tin  salts,  87 

URATES,  153 
Urea,  145 
Uric  acid,  153 

VOLUMETRIC  analysis,  49 
WATER  of  crystallisation,  10 

ZINC  salts,  91 
sulphate,  preparation  of,  45 
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